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Abstract. Aims: Arterial stiffness in-
creases with both advancing age and chronic 
kidney disease (CKD) and may contribute 
to kidney function decline, but evidence is 
inconsistent. We hypothesized that greater 
baseline arterial stiffness (assessed as pulse 
pressure (PP) and carotid-femoral pulse-
wave velocity CFPWV)) was independently 
associated with kidney disease progression 
over the follow-up period (3.8 years) in the 
Systolic Blood Pressure Intervention Trial 
(SPRINT). Materials and methods: 8,815 
SPRINT participants were included in the 
analysis of PP. 592 adults who participated 
in a SPRINT ancillary study that measured 
CFPWV were included in subgroup analy-
ses. Cox proportional hazards analysis was 
used to examine the association between PP 
and time to kidney disease progression end-
points: (A) incident estimated glomerular 
filtration rate (eGFR) < 60 mL/min/1.73m2 
in non-CKD participants at baseline; (B) 
50% decline in eGFR, initiation of dialysis, 
or transplant in those with baseline CKD. 
Mixed model analyses examined the as-
sociation of baseline PP/CFPWV with 
follow-up eGFR. Results and conclusion: 
Mean ± SD age was 68 ± 10 years, base-
line PP was 62 ± 14 mmHg, and CFPWV 
was 10.8 ± 2.7 m/s. In the fully adjusted 
model, PP ≥ median was associated with an 
increased hazard of kidney disease progres-
sion endpoints (HR: 1.93 (1.43 – 2.61)). The 
association remained significant in individu-
als without (2.05 (1.47 – 2.87)) but not with 

baseline CKD (1.28 (0.55 – 2.65)). In fully 
adjusted models, higher baseline PP asso-
ciated with eGFR decline (p < 0.0001 (all, 
CKD, non-CKD)), but baseline CFPWV did 
not. Among older adults at high risk for car-
diovascular events, baseline PP was associ-
ated with kidney disease progression.

Introduction

Arterial stiffness increases both with ad-
vancing age [1, 2] and as kidney function de-
clines (chronic kidney disease (CKD)) [3, 4, 
5] and is an important independent predictor 
of incident cardiovascular events and mor-
tality [6, 7, 8, 9]. Aortic stiffness may also 
contribute to reduced kidney function (lower 
estimated glomerular filtration rate (eGFR)) 
by transferring excessive flow pulsatility to 
a susceptible kidney microvasculature, lead-
ing to dynamic constriction and/or vessel 
loss [10].

Evidence whether increased arterial stiff-
ness is associated either cross-sectionally 
with kidney function [10, 11] or longitudi-
nally with decline in kidney function is in-
consistent. Higher baseline arterial stiffness 
was independently associated with incident 
CKD (eGFR < 60 mL/min/1.73m2) [12, 13] 
and eGFR decline [14, 15] in several cohorts 
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of community-dwelling adults; however, 
evidence is not consistent across studies [13, 
16] and analyses have included individu-
als with diabetes mellitus, who likely have 
greater baseline arterial stiffness [17]. Evi-
dence regarding the association of arterial 
stiffness with kidney function decline in indi-
viduals with prevalent CKD (reduced eGFR) 
is also inconsistent [18, 19, 20, 21, 22].

Accordingly, the purpose of the present 
study was to test the hypothesis that greater 
baseline arterial stiffness was independently 
associated with decline in kidney function 
over the follow-up period in older adults 
without baseline diabetes mellitus who par-
ticipated in the recently completed Systolic 
Blood Pressure Intervention Trial (SPRINT). 
We hypothesized that greater baseline arte-
rial stiffness, as measured in the entire cohort 
by pulse pressure (PP) (a surrogate index of 
arterial stiffness) [23] and by carotid-femoral 
pulse-wave velocity (CFPWV) in a subgroup 
who participated in an ancillary study [24], 
would be associated with kidney disease pro-
gression over the follow-up period. We also 
explored any differences in these associa-
tions in individuals with and without base-
line CKD.

Materials and methods

Study design

SPRINT was a multi-center, random-
ized, controlled trial in adults at high risk 
for cardiovascular events comparing stan-
dard (target systolic blood pressure (SBP) 
of < 140 mmHg) to intensive (target SBP of 
< 120 mmHg) blood pressure control, with 
a primary composite endpoint of myocardial 
infarction, other acute coronary syndromes, 
stroke, heart failure, or death from cardio-
vascular causes, as described previously [25, 
26]. The protocol for the trial is publically 
available [27]. Briefly, 9,361 adults ≥ 50 
years of age with SBP of 130 – 180 mmHg 
and increased risk of cardiovascular events 
(but free from diabetes mellitus and prior 
stroke) were recruited from 102 clinical sites 
between November 2010 and March 2013. 
Detailed inclusion and exclusion criteria 
have been described previously [25].

For the present analysis, participants 
were classified based on the presence or ab-

sence of baseline CKD, defined in SPRINT 
as a baseline eGFR < 60 mL/min/1.73m2 us-
ing the four-variable Modification of Diet in 
Renal Disease (MDRD) Study equation [25]. 
Of the 9,361 participants with baseline data, 
38 were missing information on kidney dis-
ease progression endpoints (defined below), 
and 493 were missing one or more included 
covariates, leaving a total cohort of 8,815 for 
analysis of the association of PP with kid-
ney disease endpoints. The most frequently 
missed covariate was urinary albumin-to-
creatinine ratio (ACR) (n = 422).

652 SPRINT participants from 11 clini-
cal sites enrolled in an ancillary study that 
measured CFPWV, as described in detail 
previously [24]. Due to the limited number 
of kidney disease progression endpoints in 
this ancillary study (n = 18), the dependent 
variable for this analysis was instead defined 
as change in eGFR over the follow-up pe-
riod. Of the 652 ancillary study participants, 
61 were missing one or more covariates, 
leaving a total cohort of 591 for analysis of 
the association of CFPWV with change in 
eGFR. The most frequently missing covari-
ate was urinary ACR (n = 33).

All participants provided written in-
formed consent. This study was approved 
by the investigational review boards at the 
participating centers and was conducted in 
adherence with the Declaration of Helsinki.

Study variables

Exposure variables

PP, a surrogate of arterial stiffness [23], 
was calculated as SBP – diastolic blood 
pressure (DBP). There is a significant cor-
relation between PP and CFPWV in the 
SPRINT  CFPWV ancillary study (R = 0.25, 
p < 0.0001, n = 652) [24]. Blood pressure 
was measured during the baseline random-
ization study visit as the mean of three office 
blood pressure measurements obtained in the 
seated position using an automated device 
(Omron Healthcare, Lake Forest, IL, USA) 
after a 5-minute rest period, as described in 
detail previously [26, 27, 28].

CFPWV was measured using the Sphyg-
moCor CPV system device with software 
version 9.0 (AtCor Medical, Itasca, IL, USA) 
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following a standard protocol, as described 
in detail previously [24].

Outcome variables

In analyses where PP was the predictor, 
the primary outcome was time to achieve a 
kidney disease progression endpoint. For 
participants with baseline eGFR < 60 mL/
min/1.73m2 (baseline CKD), the kidney dis-
ease progression endpoint was a composite 
of decrease in the eGFR of 50% or more 
(confirmed by a subsequent laboratory test 
at least 90 days apart) or the development 
of end-stage renal disease (ESRD) requir-
ing long-term dialysis or kidney transplan-
tation, as defined previously in the SPRINT 
study [25]. The non-CKD group included 
individuals with a baseline eGFR ≥ 60 mL/
min/1.73m2 (as well as individuals with 
unknown CKD status at baseline) [25]. 
The kidney disease progression endpoint 
in this group was incident CKD, defined as 
a decrease in eGFR of ≥ 30% to a value of 
< 60 mL/min/1.73m2 [25].

In analyses where CFPWV was the pre-
dictor, eGFR over time was the outcome 
variable, using a random intercept, random 
slope mixed model analysis using all avail-
able eGFR measurements. This analysis was 
also performed as a secondary endpoint with 
PP as the predictor variable.

Covariates and stratification variable

Baseline characteristics potentially re-
lated to arterial stiffness and kidney func-
tion decline, all measured at baseline, were 
selected a priori as covariates for this analy-
sis. Baseline questionnaires and interviews 
were administered by trained clinical staff. 
Race and smoking status were determined by 
self-report. History of cardiovascular disease 
(CVD) and heart failure were determined 
by a detailed medical history collected at 
screening [25, 26].

Body-mass index (BMI) was calculated 
as weight in kilograms divided by height in 
m2. Urinary ACR was calculated as urinary 
albumin/urinary creatinine (mg/g), using 
a spot urine. Number of anti-hypertensive 
agents at baseline (prior to randomization) 
was determined as described previously [25].

Statistical analyses

The association of baseline PP and kid-
ney disease progression endpoints was ana-
lyzed using Cox proportional hazards analy-
sis. PP was considered as both a continuous 
variable as well as dichotomized as above 
and below the median PP. The association 
between CFPWV (dichotomized by median 
baseline CFPWV) and change in eGFR over 
time (interaction of baseline CFPWV × time 
as a predictor) was analyzed using a mixed 
model with random intercept and random 
slopes incorporating all available measure-
ments of eGFR. Natural log-transformed 
eGFR values were used in these analyses.

In each analysis, the initial model was 
unadjusted, with subsequent multivariable 
models adjusting for age, sex, race, and ran-
domized treatment arm (model 1), model 
1 plus CVD, heart failure, smoking, BMI, 
baseline eGFR (except for mixed model), 
and urinary ACR (model 2), and model 2 
plus number of antihypertensive agents at 
baseline (model 3). Finally, mean arterial 
pressure (MAP) and heart rate were added 
(model 4). Of note, PP and MAP and were 
weakly correlated, thus unlikely to be col-
linear. We also evaluated the interaction of 
PP with sex and race. It was decided a priori 
to perform stratified analyses according to 
CKD and non-CKD groups regardless of the 
interaction term, as kidney disease progres-
sion may differ in individuals with and with-
out baseline CKD.

As a secondary analysis, the association 
between PP (dichotomized by median base-
line PP) and change in eGFR over time (in-
teraction of baseline PP × time as a predictor) 
was analyzed using a mixed model with ran-
dom intercept and random slopes incorpo-
rating all available measurements of eGFR. 
Natural log-transformed eGFR values were 
used in these analyses.

Indices of kidney function decline and co-
variates at baseline were summarized above 
and below the median PP/CFPWV, and are 
presented as mean (standard deviation) or 
median (interquartile range) for continuous 
variables and n (%) for categorical variables. 
Comparisons between PP/CFPWV groups 
were made using a χ2-test for categorical 
data and an independent samples t-test for 
continuous variables. Non-normally distrib-
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uted variables were log-transformed (urinary 
ACR) or compared between groups using 
the Wilcoxon rank sum nonparametric test 
(eGFR slope). Two-tailed values of p < 0.05 
were considered statistically significant for 
all analyses. All statistical analyses were per-
formed using SAS version 9.4.

Results

Pulse pressure

Among 8,815 SPRINT participants 
with complete data for PP analyses, the 
mean ± SD age was 68 ± 10 years and 61% 
(n = 5,049) were White. The mean PP was 
62 ± 14 mmHg, and mean baseline eGFR was 
72 ± 21 mL/min/1.73m2. Individuals with a 

higher PP were more likely to be older, fe-
male, White, have prevalent CVD, heart fail-
ure, and CKD, have higher MAP and urinary 
ACR, have a lower baseline BMI, eGFR and 
heart rate, use more antihypertensive agents, 
and less likely to smoke (Table 1). The base-
line participant characteristics broken down 
into subgroups with and without baseline 
CKD are shown in Online Supplemental 
Table 1 and 2. There were 243 (2.6%) kidney 
disease progression endpoints over a median 
follow-up of 3.8 years. Both the number of 
kidney disease progression endpoints and the 
annual decline in eGFR were greater in indi-
viduals with a higher PP.

Table 1. Baseline characteristics of study participants in the entire cohort by baseline pulse pressure.

Variable Baseline PP below the 
median (< 60 mmHg)

(n = 4,249)

Baseline PP above the 
median (≥ 60 mmHg)

(n = 4,566)

p-value

Age, y 64 ± 8 72 ± 9 < 0.0001
Sex, n (%) male 2,940 (69%) 2,765 (61%) < 0.0001
Race, n (%) white 2,245 (53%) 2,804 (61%) < 0.0001
Study randomization, n (%)  
intensive treatment 

2,121 (50%) 2,300 (50%) 0.67

Prevalent CVD, n (%) 751 (18%) 1,040 (23%) < 0.0001
Prevalent heart failure, n (%) 129 (3%) 189 (4%) 0.006
Prevalent CKD, n (%) 1,050 (25%) 1,481 (32%) < 0.0001
Smoking status, n (%) < 0.0001
 Never smoked 1,848 (43%) 2,027 (44%)
 Former smoker 1,675 (39%) 2,084 (46%)
 Current smoker 730 (17%) 455 (10%)
MAP, mmHg 98.0 ± 10.9 99.3 ± 11.9 < 0.0001
Body mass index, kg/m2 30.8 ± 5.9 29.0 ± 5.5 < 0.0001
eGFR, mL/min/1.73m2 74 ± 21 70 ± 21 < 0.0001
Urinary albumin to creatinine ratio 7.9 (5.0, 16.6) 11.4 (6.5, 26.9) < 0.0001
Heart rate, beats per minute 71 ± 12 66 ± 11 < 0.001
Antihypertensive agents, no./patient < 0.0001
 0 431 (10%) 434 (9%)
 1 1,503 (33%) 1,426 (30%)
 2 1,545 (34%) 1,631 (34%)
 3 793 (18%) 1,061 (22%)
 4 222 (5%) 261 (5%)
Pulse pressure, mmHg 50 ± 7 73 ± 11 < 0.0001
Kidney disease progression endpoints, n (%) 75 (1.8%) 159 (3.5%) < 0.0001
eGFR slope, mL/min/1.73m2 per year –0.3 (–2.2, 1.6) –0.8 (–3.1, 1.1) < 0.0001

Data are mean ± SD, median (IQR), or n (%). PP = pulse pressure; CVD = cardiovascular disease; CKD 
= chronic kidney disease; eGFR = estimated glomerular filtration rate (Modification of Diet in Renal Dis-
ease equation); MAP = mean arterial pressure. Kidney disease progression endpoints are defined as 
incident CKD (a decrease in eGFR of > 30% to a value of < 60 mL/min/1.73m2) in non-CKD participants 
at baseline and a) 50% decline in eGFR, b) initiation of dialysis, or c) transplant in those participants with 
CKD at baseline.
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Pulse pressure and kidney 
disease progression endpoints

In both unadjusted and adjusted analyses, 
higher PP (above the median; ≥ 60 mmHg) 
was associated with an increased hazard of 
a kidney disease progression endpoint com-
pared to the reference group (PP below the 
median; < 60 mmHg) in all participants 
(Table 2) (Figure 1). This association was 
only slightly attenuated in the final model 
(model 4) adjusted for baseline MAP and 
heart rate. Results were similar when PP was 
considered as a continuous variable. The in-
teraction between baseline CKD and PP was 
significant in model 4 (p = 0.004). The as-
sociation remained significant in individuals 
without baseline CKD, but not individuals 
with baseline CKD; however, the total sam-
ple size, as well as number of events (n = 35, 
1.4%), were smaller in the latter group. The 
interaction terms for PP with sex and PP 
with race were not statistically significant 
(p ≥ 0.13).

Carotid-femoral pulse-wave 
velocity

591 SPRINT PWV ancillary study 
participants were included in the cross-
sectional analysis with CFPWV as the pre-
dictor variable. Among these participants, 
the mean ± SD age was 72 ± 10 years, and 
67% were White. Individuals with a higher 
 CFPWV were more likely to be older and 
have a higher MAP (Table 3). The mean 
CFPWV was 10.8 ± 2.7 m/s. Baseline par-
ticipant characteristics by CKD status are 
shown in Online Supplemental Table 3 and 
4. There were 18 kidney disease progression 
endpoints in this ancillary study, too few to 
evaluate as the dependent variable.

Carotid-femoral pulse-wave 
velocity and decline in estimated 
glomerular filtration rate

In fully adjusted analyses (model 4) in-
cluding all participants, higher CFPWV was 

Table 2. Associations (hazard ratio (95% CI)) of baseline arterial stiffness (pulse pressure) with kidney disease progression.

All participants Baseline PP below the median 
(< 60 mmHg) (n = 4,249)

Baseline PP above the median 
(≥ 60 mmHg) (n = 4,566)

Continuous (per mmHg higher 
baseline PP) (n = 8,815)

Unadjusted Ref 2.03 (1.54, 2.67) 1.03 (1.02, 1.04)
Model 1 Ref 2.05 (1.53, 2.75) 1.03 (1.02, 1.04)
Model 2 Ref 2.09 (1.56, 2.81) 1.03 (1.02, 1.04)
Model 3 Ref 2.08 (1.55, 2.80) 1.03 (1.02, 1.04)
Model 4 Ref 1.93 (1.43, 2.61) 1.03 (1.02, 1.04)
Prevalent CKD Baseline PP below the median 

(< 63 mmHg) (n = 1,050)
Baseline PP above the median 

(≥ 63 mmHg) (n = 1,481)
Continuous (per mmHg higher 

baseline PP) (n = 2,531)
Unadjusted Ref 0.97 (0.50, 1.89) 1.00 (0.98, 1.03)
Model 1 Ref 1.45 (0.70, 3.01) 1.02 (1.00, 1.04)
Model 2 Ref 1.21 (0.55, 2.65) 1.01 (0.99, 1.04)
Model 3 Ref 1.21 (0.55, 2.65) 1.01 (0.99, 1.04)
Model 4 Ref 1.28 (0.55, 2.65) 1.01 (0.99, 1.04)
Non-CKD Baseline PP below the median 

(< 59 mmHg) (n = 3,199)
Baseline PP above the median 

(≥ 59 mmHg) (n = 3,085)
Continuous (per mmHg higher 

baseline in PP) (n = 6,284)
Unadjusted Ref 2.48 (1.83, 3.35) 1.04 (1.03, 1.05)
Model 1 Ref 2.15 (1.56, 2.97) 1.04 (1.03, 1.05)
Model 2 Ref 2.25 (1.62, 3.11) 1.04 (1.03, 1.05)
Model 3 Ref 2.24 (1.62, 3.11) 1.04 (1.03, 1.05)
Model 4 Ref 2.05 (1.47, 2.87) 1.04 (1.03, 1.05)

PP = pulse-pressure; CKD = chronic kidney disease; CVD = cardiovascular disease; eGFR = estimated glomerular filtration rate; ACR 
= albumin to creatinine ratio; MAP = mean arterial pressure. Kidney disease progression endpoints are defined as incident CKD (a de-
crease in eGFR of > 30% to a value of < 60 mL/min/1.73m2) in non-CKD participants at baseline and a) 50% decline in eGFR, b) ini-
tiation of dialysis, or c) transplant in those participants with CKD at baseline. Model 1: adjusted for age, sex, race, and randomized 
treatment arm; Model 2: adjusted for covariates in model 1 plus CVD, heart failure, smoking, body mass index, eGFR, urine ACR; 
Model 3: adjusted for covariates in model 2 plus number of antihypertensive medications at baseline; Model 4: adjusted for covariates 
in model 3 plus MAP and heart rate.
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not associated with decline in eGFR, in-
corporating all available time points where 
eGFR was measured (baseline CFPWV × 
time interaction p = 0.34). Compared to 
baseline CFPWV above the median, an-
nual change in lneGFR in individuals with 
baseline CFPWV below the median was 
0.005 (95% confidence interval: –0.005 to 
0.015) (model 4). Stratified analyses were 
performed, as decided a priori, according to 
CKD and non-CKD groups. The association 
remained non-significant in individuals with 
and without baseline CKD. Compared to 
baseline CFPWV above the median, annual 
change in lneGFR in individuals with base-
line CFPWV below the median in individu-
als with baseline CKD was 0.0020 (–0.009 to 
0.013) (baseline CFPWV × time interaction 
p = 0.72) (model 4). Compared to baseline 

CFPWV above the median, annual change 
in lneGFR in individuals without baseline 
CFPWV below the median in individuals 
without baseline CKD was 0.011 (–0.009 to 
0.030) (baseline CFPWV × time interaction 
p = 0.28) (model 4).

Relation between pulse pressure 
and decline in estimated 
glomerular filtration rate

As a secondary endpoint, we also con-
sidered the association of PP with change 
in eGFR over time. PP was associated with 
a greater decline in eGFR, in the entire co-
hort in the fully adjusted model (model 4; 
baseline PP × time interaction p < 0.0001). 
Compared to baseline PP below the median, 
annual change in lneGFR in individuals with 
baseline PP above the median was –0.011 
(–0.014 to –0.009). Again, stratified analy-
ses were performed, as decided a priori, ac-
cording to CKD and non-CKD groups. In 
individuals with baseline CKD, compared 
to baseline PP below the median, annual 
change in lneGFR in individuals with base-
line PP above the median was –0.014 (–0.020 
to –0.009) (baseline PP × time interaction 
p < 0.0001) (model 4). In individuals without 
baseline CKD, compared to baseline PP be-
low the median, annual change in lneGFR in 
individuals with baseline PP above the me-
dian was –0.010 (–0.013 to –0.008) (baseline 
PP × time interaction p < 0.0001) (model 4).

Discussion

In older individuals with hypertension 
and at high risk for cardiovascular events, 
higher arterial stiffness, as measured by PP, 
was associated with an increased hazard of 
a kidney disease progression over a median 
follow-up of 3.8 years. This association was 
significant in individuals without baseline 
CKD, but not in those with baseline CKD. Of 
note, the sample size and number of events 
was smaller for the CKD group. However, 
both individuals with and without baseline 
CKD demonstrated an association of higher 
baseline PP with decline in eGFR over time. 
In contrast, we failed to demonstrate an asso-
ciation using the gold-standard measurement 

Figure 1. Hazard ratios (95% confidence inter-
vals) for the association of pulse pressure above 
the median (≥ 60 mmHg vs. Ref (< 60 mmHg)) 
with kidney disease progression endpoints. Kidney 
disease progression endpoints are defined as in-
cident chronic kidney disease (CKD) (a decrease 
in estimated glomerular filtration rate (eGFR) of 
> 30% to a value of < 60 mL/min/1.73m2) in non-
CKD participants at baseline and a) 50% decline 
in eGFR, b) initiation of dialysis, or c) transplant 
in those participants with CKD at baseline. Models 
are unadjusted (Un), adjusted for age, sex, race, 
and randomized treatment arm [1], covariates in 
model 1 plus cardiovascular disease, heart failure, 
smoking, body mass index, eGFR, urine albumin-
to-creatinine ratio [2]; covariates in model 2 plus 
number of antihypertensive medications at base-
line [3], and covariates in model 3 plus mean arte-
rial pressure and heart rate [4].
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of CFPWV as the index of arterial stiffness; 
notably, the sample size was much smaller in 
this ancillary study.

Evidence to date regarding the associa-
tion of arterial stiffness with kidney func-
tion and subsequent decline in kidney func-
tion has been inconsistent. In cohorts of 
community-based adults, arterial stiffness 
(measured by CFPWV or PP), has been both 
independently associated [10] and not asso-
ciated with eGFR cross-sectionally [11, 16]. 
Longitudinally, greater baseline CFPWV has 
predicted eGFR decline or incident CKD in 
some, but not other populations of commu-
nity-based adults [12, 13, 14, 16]. Previous 
analyses with PP as the predictor variable 
have been similarly inconsistent [12, 13, 14, 
16]. Notably, these previous cohorts have all 
included individuals with diabetes mellitus, 
while SPRINT participants were free from 

diabetes at baseline. In relatively small stud-
ies of individuals with prevalent CKD, great-
er baseline CFPWV has been associated with 
kidney disease progression in some [20, 29], 
but not other [18] cohorts. Recently, baseline 
CFPWV was associated with kidney dis-
ease progression in a large number of par-
ticipants (n = 2,795) with prevalent CKD in 
the Chronic Renal Insufficiency Cohort [22]. 
Several previous analyses have also found no 
independent association between baseline PP 
and decline in kidney function in individuals 
with prevalent CKD [18, 20].

In participants in the SPRINT study, we 
found an independent association of greater 
baseline PP with kidney disease progres-
sion endpoints, defined as incident CKD (a 
decrease in eGFR of > 30% to a value of 
< 60 mL/min/1.73m2) in non-CKD partici-
pants at baseline, and either a 50% decline 

Table 3. Baseline characteristics of study participants in the pulse-wave velocity ancillary study by 
baseline aortic pulse-wave velocity.

Variable Baseline CFPWV 
below the median 

(< 10.6 m/sec)
(n = 276)

Baseline CFPWV 
above the median 

(≥ 10.6 m/sec)
(n = 315)

p-value 

Age, y 70 ± 9 74 ± 9 < 0.0001
Sex, n (%) male 192 (61%) 1657 (60%) 0.77
Race, n (%) white 191 (69%) 204 (65%) 0.25
Study randomization, n (%) intensive 
treatment 

137 (50%) 158 (50%) 0.90

Prevalent CVD, n (%) 32 (12%) 48 (15%) 0.20
Prevalent CHF, n (%) 5 (2%) 6 (2%) 0.93
Prevalent CKD, n (%) 106 (34%) 105 (38%) 0.27
Smoking status, n (%) 0.26
 Never smoked 131 (48%) 141 (45%)
 Former smoker 130 (47%) 146 (46%)
 Current smoker 15 (5%) 28 (9%)
MAP, mm Hg 95.8 ± 11.5 98.3 ± 11.3 0.008
Body mass index, kg/m2 28.3 ± 5.1 27.7 ± 5.1 0.21
eGFR, mL/min/1.73m2 69 ± 21 66 ± 20 0.23
Urinary albumin to creatinine ratio 9.9 (6.0, 25.2) 12.3 (7.1, 28.3) 0.05
Heart rate, beats per minute 66 ± 12 67 ± 20 0.83
Antihypertensive agents, no./patient 0.19
 0 20 (7%) 28 (10%)
 1 111 (39%) 104 (36%)
 2 84 (30%) 99 (34%)
 3 45 (16%) 40 (14%)
 4 24 (9%) 21 (7%)
CFPWV, m/s 8.8 ± 1.3 13.1 ± 2.0 < 0.0001
Pulse pressure, mm Hg 63 ± 14 69 ±15 < 0.0001
eGFR slope, mL/min/1.73m2 per year –0.3 (–2.6, 1.3) –0.5 (–2.6, 1.4) 0.82

Data are mean ± SD, median (IQR), or n (%). CFPWV = carotid-femoral pulse-wave velocity; CVD = 
cardiovascular disease; CKD = chronic kidney disease; eGFR= estimated glomerular filtration rate (Mod-
ification of Diet in Renal Disease equation); MAP = mean arterial pressure.
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in eGFR, initiation of dialysis, or transplant 
in participants with CKD at baseline. There 
was a significant interaction term between 
PP and baseline CKD status in this analysis, 
such that an association remained for indi-
viduals without but not with baseline CKD. 
However, when change in eGFR over time 
was considered as a secondary endpoint, the 
association of PP with this endpoint was sig-
nificant in both individuals with and without 
baseline CKD.

Mechanistically, with stiffening of the 
large elastic arteries, the microvasculature 
is exposed to highly pulsatile pressure and 
flow, promoting microvascular damage [30]. 
Excessive pulsatile pressure in glomerular 
capillaries can promote reductions in kidney 
function, as the kidney is a high-flow, low-
impedance organ that is particularly suscep-
tible to pulsatile damage [31]. Both dynamic 
constriction and vessel loss may contribute 
to reductions in eGFR [10]. This is sup-
ported by a mediation analysis from the Age, 
Gene/Environment Susceptibility-Reykjavik 
Study (AGES), which demonstrated that 
the cross-sectional association of higher 
 CFPWV with lower eGFR was mediated 
in part by increased pulsatility index, lower 
arterial volume in the cortex, and higher 
kidney vascular resistance, suggesting an in-
crease transmission of pulsatile energy to the 
kidneys [10].

Notable strengths of this study include a 
large sample size available for the PP analy-
ses and including endpoints and a large num-
ber of important covariates in the setting of 
a clinical trial. Additionally, we separately 
considered progression in individuals with 
and without baseline CKD, as well as two 
predictor variables representing arterial stiff-
ness. Our findings are notable as they repre-
sent the largest study to date examining the 
association of markers of arterial stiffness 
with kidney function decline in a population 
both with and without baseline CKD.

There are also important limitations of 
this analysis. The results are associative, and 
residual confounding may exist, including 
variables that were not assessed, such as level 
of inflammation. There were not enough kid-
ney disease events to consider this endpoint 
in the analyses with CFPWV as the predic-
tor variable because of smaller sample size. 
The SPRINT cohort did not include younger 

adults with less CVD burden, nor did it in-
clude individuals with stroke or prevalent 
diabetes; thus, these results may not apply to 
these populations. Overall, participants who 
were included in SPRINT may not resemble 
the broader population of older adults with 
or without CKD, thus limiting the external 
validity of the results. Additionally, we were 
not able to consider individual classes of an-
tihypertensive medications as covariates.

In conclusion, among adults at high risk 
for cardiovascular events without history of 
diabetes or stroke, PP was associated with 
kidney disease progression endpoints as well 
as change in eGFR over time. The latter as-
sociation remained significant in those with 
and without baseline CKD, while the former 
association was observed in the baseline non-
CKD subgroup. In contrast, CFPWV was not 
associated with decline in eGFR; however, 
power was limited for this analysis. Overall, 
these results are consistent with the hypoth-
esis that arterial stiffness may contribute to 
kidney disease progression.
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