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Influence of baseline arterial stiffness P

on effects of intensive compared with standard
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of the STEP trial
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Abstract

Background: The benefits and risks of intensive versus standard systolic blood pressure (SBP) treatment in older
patients with arterial stiffness (AS) remains unclear. This study aims to investigate the interaction between the baseline
AS and SBP treatments on cardiovascular outcomes.

Methods: In this post hoc analysis of the Strategy of Blood Pressure Intervention in the Elderly Hypertensive Patients
(STEP) trial, we involved 6865 participants with complete data regarding baseline brachial-ankle pulse wave velocity
(baPWV). Patients were categorized by baseline AS status (AS, baPWV > 1800 cm/s; non-AS, baPWV < 1800 cm/s).
The primary outcome was a composite of cardiovascular events. The secondary outcomes were stroke, acute coro-
nary syndrome (ACS), major cardiovascular events (MACE), and all-cause death. Cox regression was used to calculate
hazard ratios for the outcomes.

Results: During a mean follow-up of 2.69 years, a total of 248 primary outcome events and 81 all-cause deaths
occurred. The hazard ratios for the primary outcome were 0.76 (95% confidence interval (Cl), 0.54-1.09) and 0.63 (95%
Cl,0.43-0.92) in the AS and non-AS groups, respectively (P for interaction = 0.43), and that for stroke was 0.58 (95% Cl,
0.33-1.02) and 048 (95% Cl, 0.23-0.99) in the AS and non-AS groups, respectively (P for interaction = 0.68). Effects of
intensive SBP treatment on safety outcomes and all-cause death were also similar in the two groups (P for interaction
> 0.05 for all).

Conclusions: In the STEP trial, the beneficial effects of intensive SBP treatment were similar among those in the AS
group and the non-AS group at baseline.
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Background

Hypertension is the leading modifiable risk factor for
cardiovascular morbidity and mortality [1]. Cardiovas-
cular diseases, mainly ischemic heart disease and stroke,
are the leading cause of death globally [2]. Emerging evi-
dence has proven the benefit of intensive systolic blood
pressure (SBP) control among patients with hyperten-
sion [3, 4]. The Strategy of Blood Pressure Intervention
in the Elderly Hypertensive Patients (STEP) trial recently
showed that an intensive SBP target of 110 to <130
mmHg reduced the risk of cardiovascular diseases and
stroke by 26% and 33%, respectively, compared with an
SBP target of 130 to <150 mmHg [5].

Arterial stiffness (AS) and hypertension frequently
coexist, particularly in older patients. AS, a character-
istic feature of aging arteries [6], is an independent age-
related risk factor for stroke, coronary heart disease,
cardiovascular death, and all-cause death in patients with
hypertension [7-9]. Patients with AS and hypertension
have a two-fold higher risk of cardiovascular events than
patients with non-AS and normotension [10]. Patients
with AS tend to have impaired arterial compliance and
loss of ability to dampen the pulsatility of ventricu-
lar ejection, resulting in increased SBP and decreased
diastolic blood pressure (DBP) [11, 12]. Because previ-
ous studies suggested a J-curve relationship between
DBP and cardiovascular events [13—17], it is of concern
whether patients with AS are susceptible to insufficient
organ perfusion caused by low DBP when achieving the
intensive SBP target. Whether the effect of intensive ver-
sus standard SBP treatment is different in patients with
and without AS is unclear.

We initiated this post hoc analysis of the STEP trial to
investigate the interaction between the baseline AS sta-
tus and SBP treatments on cardiovascular outcomes, risk
of low on-treatment DBP, and safety outcomes. AS was
assessed using the brachial-ankle pulse wave velocity
(baPWYV), a reproducible, noninvasive, and convenient
clinical test that is well-validated in the Asian popula-
tion and shows a predictive value similar to that of the
carotid-femoral aortic pulse wave velocity (cfPWV) [18,
19].

Methods

Study design and population

This study was a post hoc analysis of the STEP trial (STEP
ClinicalTrials.gov number, NCT03015311). Details
regarding the design, rationale, and primary outcomes

of the STEP trial have been published previously [3, 5].
Briefly, the STEP trial was an open-label, multicenter,
randomized controlled trial that compared the effects of
intensive (SBP target of 110 to <130mmHg) and standard
(SBP target of 130 to <150 mmHg) SBP treatment on car-
diovascular outcomes in 8511 patients with hypertension
at 42 clinical centers in China. The study was approved
by the Ethics Committee of Fuwai Hospital and all col-
laborating centers. All participants provided written
informed consent.

The inclusion and exclusion criteria were identical to
those in the STEP trial. Eligible participants included
those aged 60 to 80 years with essential hypertension,
defined as SBP of 140 to 190 mmHg, or currently taking
antihypertensive medication. Patients with a history of
ischemic or hemorrhagic stroke were excluded. Moreo-
ver, in this present analysis, 1646 patients who had miss-
ing data regarding baseline baPWV and 8 patients with
missing BP data during follow-up were excluded. Fur-
thermore, 760 patients with baseline DBP < 70mmHg
were excluded for the analysis of the incidence of low on-
treatment DBP. Finally, 6865 participants were included
in the analysis of cardiovascular outcomes and safety out-
comes, 6857 were included in the analysis of BP control,
and 6097 were included in the analysis of low on-treat-
ment DBP (Fig. 1).

Randomization and Intervention

Eligible participants were randomly assigned to either
the intensive treatment group (SBP target of 110 to <130
mmHg) or the standard treatment group (SBP target of
130 to <150 mmHg) by a central computerized randomi-
zation program. After randomization, all participants
were scheduled for follow-up once monthly for the first
3 months and every 3 months thereafter until the final
visit or death. A detailed antihypertensive treatment
algorithm to reach these BP targets has been previously
published [5].

Ascertain of AS

To assess AS at baseline, baPWV was measured with
an Omron BP-203RPEIII automatic waveform analyzer
(Omron Healthcare, Kyoto, Japan). After the participants
had rested for at least 5 minutes in the supine position
at an ambient temperature of 22°C to 25°C, trained trial
staff placed electrodes on the participants’ wrists, placed
a microphone on the left edge of the sternum, and placed
pneumatic cuffs on both arms and ankles. The lower edge
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9624 patients aged 60 to 80 with hypertension were
screened for eligibility

1113 were ineligible, did not complete

A 4

screening, or declined to participate

8511 underwent randomization

|

|

4243 assigned to intensive treatment

4268 assigned to standard treatment

A 4

6 had missing SBP of follow-up

799 had missing baseline baPWV

379 with baseline DBP <70mmHg

847 had missing baseline baPWV
2 had missing SBP of follow-up
381 with baseline DBP <70mmHg

A 4

A 4

A 4

3444 assessed for CVD events and safety outcomes
3438 assessed for BP control
3059 assessed for low on-treatment DBP

3421 assessed for CVD events and safety outcomes
3419 assessed for BP control
3038 assessed for low on-treatment DBP

CVD, cardiovascular disease. Median follow-up, 2.69 years

Fig. 1 Flow chart of patient selection. Abbreviations: baPWV, brachial-ankle pulse wave velocity; SBP, systolic blood pressure; BP, blood pressure;

of the brachial cuff was positioned 2 to 3 cm above the
transverse striation of the cubital fossa, and the lower
edge of the ankle cuff was positioned 1 to 2 cm above the
superior aspect of the medial malleolus. Sensors were
used to determine the volume pulse form and BP, and a
semiconductor pressure sensor was used to record the
pulse volume waveforms. For each participant, measure-
ments were conducted twice, and the latter measurement
was recorded. The maximum values of the left- and right-
sided baPWV were used for analysis.

The patients were divided into AS and non-AS groups
according to their baseline baPWV. The AS group com-
prised patients with a baseline baPWV of >1800 cm/s,
and the non-AS group comprised patients with a baseline
baPWV of <1800 cm/s [20].

Covariates

The sociodemographic characteristics of each partici-
pant were collected by trained STEP physicians at base-
line, including age, sex, body mass index, physical activity
(never, 1 to 2 times/week, or >3 times/week), and smok-
ing and drinking frequency (never, ever, or current). The

10-year risk of cardiovascular disease was estimated
using the Framingham risk score [21]. Current smokers
were defined as those who smoked at least one cigarette
per day for more than 6 months. Current alcohol drinkers
were defined as those who drank at least once per month
for more than 6 months. Physical activity was evaluated
according to the type and frequency of physical activity
at work and during leisure time and was categorized as
never, 1 to 2 times/week, or >3 times/week. Body mass
index was calculated by dividing the weight (kg) by the
square of the height (m).

Clinical information including office BP was collected
at baseline and every 3 months during the follow-up
period. At each visit, office BP was measured using the
same validated automatic BP monitor device (Omron
HBP-1100U; Omron Healthcare). The participants were
required to rest for at least 5 minutes before BP measure-
ment. A trained physician or nurse performed BP meas-
urements three times at an interval of 1 to 2 minutes, and
the average value was recorded. Laboratory examina-
tions, including measurement of the creatinine, fasting
blood glucose, triglyceride, total cholesterol, high-density
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lipoprotein cholesterol, and low-density lipoprotein cho-
lesterol concentrations, were performed at baseline and
yearly thereafter.

Definition of outcomes

The primary outcome of the present study was an inci-
dent cardiovascular event, including a composite of the
first occurrence of stroke (ischemic or hemorrhagic),
acute coronary syndrome (myocardial infarction and
hospitalization for unstable angina), acute decompen-
sated heart failure, coronary revascularization (percuta-
neous coronary intervention or coronary artery bypass
grafting), atrial fibrillation, or death of cardiovascular
causes. This primary outcome was identical to that in
the STEP trial [5]. The secondary outcomes were stroke,
major cardiovascular events (MACE), acute coronary
syndrome (ACS), and death of any cause. MACE was
defined as a composite of the first occurrence of acute
coronary syndrome, acute decompensated heart failure,
coronary revascularization, and death of cardiovascular
causes. The BP outcome in this study was the risk of low
on-treatment DBP, which was defined as a mean achieved
DBP of <70 mmHg during follow-up because this thresh-
old has long been regarded as harmful with respect to
cardiovascular outcomes [16, 22].

The safety outcomes were hypotension, dizziness, syn-
cope, fracture, and the renal outcome. The renal outcome
was a composite of a >50% decrease in the estimated
glomerular filtration rate (eGFR) in patients with chronic
kidney disease (CKD) at baseline, a >30% decrease in the
eGFR to <60 mL/min/1.73 m? in patients without CKD at
baseline, or a serum creatinine increase of >1.5 mg/dL in
men or >1.3 mg/dL in women. The eGFR was calculated
using the Modification of Diet in Renal Disease equation
[23]. CKD was defined as an eGFR of <60 mL/min/1.73
m?,

Statistical methods

Among 6865 patients in this study, 3047 patients were
divided into the AS group, and 3818 patients were
divided into the non-AS group. The absolute risk of the
primary outcome in the non-AS group was 3.06%. Using
this number of patients and a two-tailed alpha of 0.05,
this study had 80% power to detect a 26% relative change
in the hazard ratio of AS group compared with the non-
AS group. Moreover, based on 3444 patients in the inten-
sive treatment group and 3421 in the standard treatment
group enrolled in this study and an absolute risk of 4.24%
in the standard group for the primary outcome, this post
hoc analysis provided 80% power to detect a 20% relative
risk reduction in the primary events between intensive
and standard SBP treatment. The statistical power was
calculated using PASS (version 15).
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Continuous variables are presented as mean =+ stand-
ard deviation, and categorical variables are presented
as n (%). Baseline characteristics were compared across
baseline baPWV groups (AS and non-AS) and across
SBP treatment groups stratified by baseline baPWV
groups using one-way analysis of variance for continu-
ous variables and the chi-square (y?) test for categorical
variables. The mean follow-up BP status was calculated
for each patient by averaging his or her BP measure-
ments from month 3 to the last visit.

We analyzed the association between the baseline
baPWYV groups (AS and non-AS) and the primary and
secondary outcomes using Cox proportional hazards
regression. We then used the Fine—Gray subdistribu-
tion hazard model to calculate the hazard ratios (HRs)
with 95% confidence intervals (Cls) for the primary
outcome and secondary outcomes except for death
from any cause associated with intensive SBP treat-
ment versus standard SBP treatment (reference) among
participants in the AS or non-AS group. For death
from any cause, the Cox regression model was used. To
assess the interaction effect of the SBP treatment group
among patients with AS and non-AS, the product term
(SBP treatment group x AS or non-AS) was included
in the Cox proportional hazards regression models
with a likelihood ratio test. The proportional hazards
assumption was tested by Schoenfeld residuals for AS
status, SBP intervention, and all covariates, and no vio-
lations were observed. All multivariable models were
adjusted for SBP intervention, clinical centers, age,
and sex, baseline mean arterial pressure (MAP) level,
baseline glucose level, baseline LDL cholesterol level,
baseline antihypertensive agent type, physical activ-
ity frequency, smoking status, and drinking status. In
addition, cumulative incidence curves were performed
using a Kaplan—Meier survival curve to compare the
incidence of the primary outcome and stroke between
the intensive and standard treatment arms within the
AS and non-AS groups.

We analyzed the effect of the baseline AS status on
the incidence of low on-treatment DBP (<70 mmHg)
and safety outcomes using a logistic regression model
adjusted for SBP intervention, clinical centers, age, and
sex, baseline mean arterial pressure (MAP) level, base-
line glucose level, baseline LDL cholesterol level, baseline
antihypertensive agent type, physical activity frequency,
smoking status, and drinking status. Similar analyses
were performed to investigate the interactions between
the SBP treatment group and baseline AS status for the
incidence of low on-treatment DBP (<70 mmHg) and
safety outcomes based on the logistic regression model.
The odds ratio (OR) was calculated by the exponential of
the coeflicient.
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All analyses were performed using R version 4.1.2. A
two-sided P value of <0.05 was considered statistically
significant. Missing values for the smoking status, drink-
ing status, and baseline laboratory examinations were
added via multiple imputation (mice 3.14.0).

Results

Baseline characteristics

Among the 6865 participants included in this study
(mean age, 66.14 £ 4.75 years; 53.55% female), 3444 were
assigned to the intensive treatment group and 3421 to
the standard group (Fig. 1). The mean baseline baPWV
in the AS and non-AS groups was 2079.25+236.28 and
1553.194+174.64 cm/s, respectively. The participants’
baseline characteristics were compared between the
intensive and standard treatment groups in different
baPWV groups (Table 1). Patients receiving the inten-
sive treatment had higher ratios of angiotensin receptor
blocker and calcium channel blocker use at baseline. No
significant differences were observed between the dif-
ferent interventions within both AS and non-AS groups
in other features. The baseline characteristics were also
compared between AS and non-AS groups (Table 1).
Patients in the AS group had a higher age, baseline SBP,
PP, MAP, fasting blood glucose concentration, and tri-
glyceride concentration and a lower eGFR than those
in the non-AS group. The AS group contained more
patients with an eGFR of <60 mL/min/1.73 m? history of
diabetes, and high 10-year risk of cardiovascular disease
(estimated by Framingham risk score of >15%). The base-
line DBP, activity frequency, plasma lipid concentration,
and other laboratory examination findings were similar
between the two groups. The baseline characteristics of
participants included and excluded in this analysis were
stated in Additional file 1: Table S1.

Interactions of baseline baPWV and SBP intervention

for prespecified cardiovascular outcomes

In total, 248 primary outcome events and 81 all-cause
deaths (including 24 cardiovascular deaths) occurred
during a median follow-up of 2.69 &+ 0.67 years. The inci-
dences of the primary outcome and stroke, and MACE
were significantly lower in the intensive treatment group
than in the standard treatment group (Additional file 1:
Table S2).

The incidence of stroke was significantly higher in
the AS group than in the non-AS group (HR, 1.70; 95%
CI, 1.09-2.65) after multivariable adjustment (Addi-
tional file 1: Table S3). The incidences of the primary
outcome and all-cause death were higher in the AS
group in the crude model (primary outcome: HR, 1.40;
95% CI, 1.09-1.79 and all-cause death: HR, 1.64; 95%
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CI, 1.06-2.55) (Additional file 1: Table S3). However,
they became insignificant after adjusting for confound-
ers (primary outcome: HR, 1.26; 95% CI, 0.97-1.63 and
all-cause death: HR, 1.21; 95% CI, 0.70-1.92) (Addi-
tional file 1: Table S3). The effect of per SD change in
baseline baPWV on the incidence of the primary out-
come, stroke, and all-cause death were similar with that
of baseline AS versus non-AS groups (Additional file 1:
Table S4).

The incidences of the primary outcome, stroke,
MACE, ACS, and all-cause death between intensive
and standard SBP treatment across the AS and non-
AS groups are presented in Table 2. The HR of inten-
sive versus standard SBP treatment for the primary
outcome was 0.76 (95% CI, 0.54—1.09) and 0.63 (95%
CI, 0.43-0.92) among patients in the AS and non-AS
groups, respectively (P for interaction = 0.43) (Fig. 2,
Table 2). Similarly, the HR for stroke was 0.58 (95% CI,
0.33-1.02) and 0.48 (95% CI, 0.23—-0.99) among those in
the AS and non-AS groups, respectively (P for interac-
tion = 0.68) (Fig. 2, Table 2). The HR for MACE was
0.83 (95% CI, 0.53-1.29) and 0.62 (95% CI, 0.39-0.97)
among those in the AS and non-AS groups, respec-
tively (P for interaction = 0.34) (Table 2). There was no
significant association of ACS or all-cause death with
SBP interventions.

There was no suggestion of heterogeneity of the haz-
ard ratios for intensive SBP treatment versus standard
SBP treatment on the primary outcome and prespeci-
fied secondary outcomes within the AS and non-AS
groups. All P values for interaction between the SBP
treatment effect and baseline baPWV groups were
>0.05 (Table 2).

Interactions of baseline baPWV and SBP intervention

for safety outcomes

The incidences of the safety outcomes did not differ
significantly between the intensive and standard SBP
intervention groups with the exception of hypoten-
sion (HR, 1.37; 95% CI, 1.05-1.79) (Additional file 1:
Table S2).

The incidence of hypotension was lower and the inci-
dence of fracture was higher in the AS group than in the
non-AS group. No differences were found in dizziness,
syncope, or renal outcomes between the AS and non-AS
groups (Additional file 1: Table S5).

The incidence of safety outcomes (including hypoten-
sion, dizziness, fracture, syncope, and renal outcomes) is
summarized in Additional file 1: Table S6. The P values
for interaction between the SBP treatment group and
baseline baPWV groups were >0.05 for all safety out-
comes. Heterogeneity was not detected of the intensive
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Table 1 Baseline characteristics between intensive and standard treatment groups within AS and non-AS groups

Non-AS AS Non-AS AS Pvalue
Intensive Standard Pvalue Intensive Standard Pvalue
treatment treatment treatment treatment
N (%) 1980 (51.86) 1838 (48.14) 1464 (48.05) 1583 (51.95) 3818 (55.62) 3047 (44.38)
Age, years 65.1£4.25 65.14+4.38 0.77 67441498 67.42+4.94 091 65.12+4.32 67.431+4.96 <0.001
Female,n (%) 1053 (53.18) 920 (50.05) 0.06 789 (53.89) 914 (57.74) 0.04 1973 (51.68) 1703 (55.89) <0.001
BMI, kg/m? 25.76+3.19 25.85+3.2 0.36 25344314 25414315 0.53 25.8+3.19 2538+3.14 <0.001
HR, bpm 728£10.17 72.1849.99 0.06 74.79£10.71 74.93+£10.65 0.71 72.54£10.09 74.86+10.68 <0.001
BP, mmHg
SBP 143.78+£16.07 143.43+16.03 0.50 1504+£17.38 149.92+16.69 044 143.61£16.05 150.15+£17.03 <0.001
DBP 82.6+10.38 82.58+10.26 0.95 82.93+11.1 82.28+10.62 0.09 82.59+10.32 82.59+10.86 0.99
PP 61.18+13.64 60.85+13.96 0.46 6746+15.01 67.64+14.51 0.74 61.02+13.79 67.56+14.75 <0.001
MAP 102.99+10.79 102.86+10.61 0.70 1054241152 104.82+11.02 0.14 102.93+10.7 105.11+11.26 <0.001
baPWyV, 1562.24+£171.74 1544.79+£176.92  0.002 2080.54239.06 2078.084233.75 0.78 1553.19+17464  2079.254£236.28  <0.001
cm/s
Physical 022 0.86 0.06
activity, times/
week, n (%)
>3 1232 (62.22) 1193 (64.91) 963 (65.78) 1055 (66.65) 2425 (63.51) 2018 (66.23)
1-2 429 (21.67) 374(20.35) 285 (19.47) 297 (18.76) 803 (21.03) 582(19.10)
0 319 (16.11) 271 (14.74) 216 (14.75) 231(14.59) 590 (15.45) 447 (14.67)
Smoking 0.19 0.16 <0.001
status, n (%)
Current 325 (16.44) 342 (18.66) 222 (15.22) 203 (12.86) 667 (17.51) 425 (13.99)
Former 246 (12.44) 226 (12.33) 158 (10.83) 182 (11.53) 472 (12.39) 340(11.19)
Never 1406 (71.12) 1265 (69.01) 1079 (73.95) 1194 (75.62) 2671 (70.10) 2273 (74.82)
Drink status, 0.02 0.52 <0.001
n (%)
Current 531(26.86) 541 (29.51) 362 (24.81) 365 (23.12) 1072 (28.14) 727 (23.93)
Former 91 (4.60) 108 (5.89) 76 (5.21) 80 (5.07) 199 (5.22) 156 (51.35)
Never 1355 (68.54) 1184 (64.59) 1021 (69.98) 1134 (71.82) 2539 (66.64) 2155 (70.93)
FBG, mmol/L  6.02+144 5994152 0.57 6.2641.62 6.354+1.72 0.11 64148 6.31+1.67 <0.001
TC, mmol/L 4.8441.04 4914112 0.07 4941.12 4.934+1.09 0.52 4.884+1.08 491411 0.18
LDL-C, mmol/L 2740.86 2.724+0.87 0.55 2.68+0.88 2.71+0.89 049 2.71£0.87 2.6940.89 0.55
HDL-C, 1.26+0.3 1.26+0.31 0.69 1.264+0.31 1.264+0.31 0.58 1.264+0.3 1.2640.31 0.97
mmol/L
TG, mmol/L 1.53+0.96 1.59+1.17 0.07 1.63£1.1 1.63£1.1 092 1.56£1.08 1.63£1.1 0.01
UA, mmol/L 346.85+87.7 346.234+89.01 0.83 349.874+88.98 346.174+89.88 0.26 346.531+88.37 347.94489.45 0.52
eGFR, ml/min  109.24+22.57 110.34+23.07 0.13 108.42+25.12 108.32+24.58 092 109.79+£22.83 108.37+24.84 0.01
eGFR<60, 23(1.19) 24(1.34) 0.80 32(2.24) 32(2.07) 0.85 47 (1.27) 64 (2.15) 0.006
n (%)
Medical history, n (%)
Diabetes 322 (16.26) 301 (16.38) 0.96 356 (24.32) 366 (23.12) 046 623 (16.32) 722 (23.70) <0.001
mellitus
CVD History 372(18.79) 339(1844) 0.82 252(17.21) 256 (16.17) 047 711 (18.62) 508 (16.67) 0.04
Antihypertensive agents
No. of 1.39+0.63 1.52+0.68 <0.001 1.56+0.68 1.4440.69 <0.001 1.4640.66 1.5£0.69 0.02
antihyperten-
sive agents
Not using 66 (3.33) 59(3.21) 0.90 51(3.48) 65 (4.11) 042 125(3.27) 116 (3.81) 0.26
antihyper-ten-
sive agents,
n (%)
Use of ARB, 1273 (64.29) 1083 (58.92) 0.001 960 (65.57) 926 (58.50) <0.001 2356 (61.71) 1886 (61.90) 0.89
n (%)
Use of CCB, 1502 (75.86) 1313 (71.44) 0.002 1155 (78.89) 1198 (75.68) 0.04 2815 (73.73) 2353 (77.22) <0.001

n (%)
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Table 1 (continued)
Non-AS AS Non-AS AS Pvalue
Intensive Standard Pvalue Intensive Standard Pvalue
treatment treatment treatment treatment
Use of 439 (22.17) 392(21.33) 0.55 247 (16.87) 269 (16.99) 097 831 (21.77) 516 (16.93) <0.001
statins, n (%)
Use of aspi- 196 (9.90) 182 (9.90) 1.00 109 (7.45) 134 (8.46) 033 378(9.90) 243 (7.98) 0.007
rin, n (%)
FRS >15%, 1427 (74.40) 1328 (74.61) 092 1210 (85.03) 1268 (82.39) 0.06 2755 (74.50) 2478 (83.66) <0.001
n (%)

Abbreviations: AS arterial stiffness, BMI body mass index, HR heart rate, SBP systolic blood pressure, DBP diastolic blood pressure, PP pulse pressure, MAP mean arterial
pressure, baPWV brachial-ankle pulse wave velocity, FBG fasting blood glucose, TC total cholesterol, LDL-C low-density lipoprotein cholesterol, HDL-C high-density
lipoprotein cholesterol, TG triglyceride, UA uric acid, eGFR estimated glomerular filtration rate, CVD cardiovascular disease, ARB angiotensin receptor blocker, CCB
calcium channel blocker, FRS Framingham risk score

Table 2 Effects of SBP intervention on cardiovascular outcomes within AS and non-AS groups via multivariable Cox proportional
hazard regression

Non-AS AS P for
interaction”
Intensive Standard Hazard ratio  Pvalue Intensive Standard Hazardratio  Pvalue
treatment treatment (95% ClI) treatment treatment (95% Cl)
N 1980 1838 1464 1583
Primary out- 48 (242) 69 (3.75) 063 (0.43- 0.02 55(3.76) 76 (4.80) 0.76 (0.54- 0.13 043
come?, n (%) 0.92) 1.09)
Stroke, n (%) 12(0.61) 23(1.25) 048 (0.23- 0.05 19 (1.30) 35(2.21) 0.58 (0.33- 0.06 0.68
0.99) 1.02)
MACE®, n (%) 36 (1.82) 51(2.77) 062 (0.39- 0.04 37 (2.53) 46 (291) 0.83(0.53- 040 034
0.97) 1.29)
ACS, n (%) 21(1.06) 29 (1.58) 0.66 (0.39- 0.17 21(1.43) 26 (1.64) 0.87 (0.48- 0.66 0.52
1.19) 1.58)
Death from 21(1.06) 14 (0.76) 141(0.71- 033 22 (1.50) 24 (152) 0.98 (0.55- 0.96 048
any causes, 2.78) 1.76)
n (%)

Multivariable model was adjusted for clinical centers, age, and sex, baseline MAP level, baseline glucose level, baseline LDL cholesterol level, baseline antihypertensive
agent type, physical activity frequency, smoking status, and drinking status. Missing values of physical activity frequency, smoking status, drinking status (n =17,
0.26%), baseline glucose level (=214, 3.12%), baseline LDL cholesterol level (1=178, 2.59%) were added via multiple imputation

Abbreviations: AS arterial stiffness, SBP systolic blood pressure, C/ confidence interval, ACS acute coronary syndrome, MACE major adverse cardiac events

* P for interaction was calculated by the multiplicative interaction between the baseline AS and non-AS groups and SBP intervention for the incidence of primary and
secondary outcomes

2 Primary outcome contains the first occurrence of stroke (ischemic or hemorrhagic), acute coronary syndrome (myocardial infarction and hospitalization for unstable
angina), acute decompensated heart failure, coronary revascularization (percutaneous coronary intervention or coronary artery bypass grafting), atrial fibrillation, or
death of cardiovascular causes

b MACE was a composite of first occurrence of acute coronary syndrome, acute decompensated heart failure, coronary revascularization, and death of cardiovascular
causes

SBP treatment on safety outcomes among patients in the
AS and non-AS groups (Additional file 1: Table S6).

incidence of low on-treatment DBP was higher in the
AS group compared with non-AS group in the crude
model (OR, 1.95; 95% CI, 1.23-3.14; P=0.005) while
insignificant after adjusting for confounders (OR, 1.56;
95% CI, 0.92-2.63; P=0.10). In the intensive treatment
group, no significant differences were found in the inci-
dence of low on-treatment DBP between the AS and
non-AS groups before (OR, 1.02; 95% CI, 0.77-1.35;

Interactions of baseline baPWV and SBP intervention

for low on-treatment DBP

There was an increased incidence of low on-treatment
DBP in the intensive treatment group compared to

the standard group after adjusting for confounders
(OR, 3.34; 95% CI, 2.51-4.45; P < 0.001) (Additional
file 1: Table S2). In the standard treatment group, the

P=0.87) and after adjustment (OR, 0.96; 95% CI, 0.71-
1.32; P=0.82) (Table 3).
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A. Primary outcome™ (P for interaction, 0.43)
10% Non-AS 10% AS
e Hazard Ratio with intensive treatment, © Hazard Ratio with intensive treatment,
ﬁ 7.5% 0.63 (95% Cl, 0.43-0.92) S 75% 0.76 (95% ClI, 0.54-1.09)
© N
< <
o )
2 5% 2 5%
‘—é 2 SBP Intervention
S 2.5% % 2.5% = |ntensive
O O
= Standard
0 0
0 12 24 36 48 0 12 24 36 48
) Time(Months) Time(Months)
No. at Risk No. at Risk
Intensive 1980 1939 1845 738 16 Intensive 1464 1416 1355 508 12
Standard 1838 1777 1696 685 12 Standard 1583 1538 1469 534 1
B. Stroke (P for interaction, 0.68)
Non-AS AS
10% 10%
- Hazard Ratio with intensive treatment, - Hazard Ratio with intensive treatment,
ﬁ 7.5% 0.48 (95% Cl, 0.23-0.99) § 7.5% 0.58 (95% ClI, 0.33-1.02)
2 2
: 5% 2 5%
3 © SBP Intervention
€ 5ro g 5 o
5 2.5% € 2.5% = |ntensive
O o
‘%,/—_'.—'—'_7'7 ;ﬁ; = Standard
0 0
0 12 24 36 48 0 12 24 36 48
Time(Months) Time(Months)
No. at Risk No. at Risk
Intensive 1980 1947 1861 753 17  Intensive 1464 1427 1373 526 13
Standard 1838 1792 1724 708 13 Standard 1583 1548 1492 547 1"
Fig. 2 Cumulative incidence of A primary outcome and B stroke by treatment arm stratified by patients within the AS and non-AS groups at
baseline. Abbreviations: AS, arterial stiffness; SBP, systolic blood pressure; Cl, confidence interval. ¥Primary outcome contains the first occurrence of
stroke (ischemic or hemorrhagic), acute coronary syndrome (myocardial infarction and hospitalization for unstable angina), acute decompensated
heart failure, coronary revascularization (percutaneous coronary intervention or coronary artery bypass grafting), atrial fibrillation, or death of
cardiovascular causes

Discussion a higher risk of low on-treatment DBP or safety outcomes
The results of the present study suggest that the beneficial ~ than patients without AS.
effects of intensive SBP treatment were similar among According to the GBD 2019 Stroke Collaborators [24],

those in AS group and non-AS group at baseline. Nota-  stroke remains the second-leading cause of death and
bly, the intensive SBP treatment consistently reduced the third-leading cause of death and disability combined
the risk of stroke among patients with and without AS,  worldwide. Recent evidence has shown that AS, which is
although baseline AS was associated with an increased = common in patients with hypertension, is associated with
risk of stroke. Additionally, patients with AS did not have  adverse clinical outcomes including stroke [8], myocar-

dial infarction [25], heart failure [26], and cardiovascular
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Table 3 Effect of baseline baPWV and SBP intervention on the incidence of low on-treatment DBP (<70 mmHg)
Intervention On-treatment DBP % On-treatment DBP Odds ratio (95% Cl)
<70 mmHg <70 mmHg
Univariable model P value Multivariable model P value

Intensive treatment

Non-AS 122/1760 6.93 Reference 0.87 Reference 0.82

AS 92/1299 7.08 1.02 (0.77-1.35) 0.96 (0.71-1.32)
Standard treatment

Non-AS 29/1631 1.78 Reference 0.005 Reference 0.10

AS 48/1407 341 1.95 (1.23-3.14) 1.56 (0.92-2.63)
P for interaction* 0.02 0.07

Multivariable model was adjusted for clinical centers, age, and sex, baseline MAP level, baseline glucose level, baseline LDL cholesterol level, baseline antihypertensive
agent type, physical activity frequency, smoking status, and drinking status. Missing values of physical activity frequency, smoking status, drinking status (n =17,
0.26%), baseline glucose level (n=214, 3.12%), baseline LDL cholesterol level (n=178, 2.59%) were added via multiple imputation

Abbreviations: baPWV brachial-ankle pulse wave velocity, SBP systolic blood pressure, DBP diastolic blood pressure, MAP Mean arterial pressure, C/ confidence interval,

AS arterial stiffness, LDL low-density lipoprotein

* P for interaction was calculated by the multiplicative interaction between the baseline AS and non-AS groups and SBP intervention for the incidence of DBP < 70

mmHg

and all-cause death [7]. The results of our study showed
a higher risk of stroke in patients with than without AS,
which is consistent with previous studies.

With aging, large elastic arteries such as the aorta
become stiffer, and this is accompanied by histological
and biochemical changes of the arterial wall [27]. Vascu-
lar stiffness is linearly related to age in both normotensive
and hypertensive subjects [28]. Given that AS is common
in the elderly population [28], the balance of risks and
benefits from intensive SBP treatment should be carefully
evaluated according to the AS status of these patients.
Previous analyses of the SPRINT trial have shown that
intensive treatment significantly attenuates increases in
the cfPWYV and aortic elastance index, suggesting that
attenuating AS progression might be one of the mecha-
nisms underlying the cardiovascular benefit obtained
from intensive SBP intervention [29, 30]. However, pre-
vious researchers did not investigate the influence of the
baseline PWV status on the effects of intensive SBP treat-
ment. Our study is the first to investigate the influence
of baseline AS on the effect of intensive SBP treatment
in a rigorously conducted randomized controlled trial in
which the patients were under strict SBP control.

SBP rises continuously with increasing age, whereas
DBP reaches a plateau at 50 to 60 years and decreases
thereafter [31]. The DBP reduction occurs in parallel with
increasing AS [32]. As previously reported, DBP of <70
mmHg is associated with an increased risk of coronary
heart disease and heart failure [14—16, 33]. Patients with
stiffening arteries might be more susceptible to develop-
ing low DBP and hypoperfusion to achieve the intensive
SBP target. In this study, we found that the incidence of
low on-treatment DBP (<70 mmHg) was higher in the
intensive treatment group than in the standard treatment

group. However, within the intensive treatment group,
no difference in the risk of low on-treatment DBP was
observed between the AS and non-AS groups, which
indicates that AS does not aggravate the risk of low DBP
during treatment when targeting lower SBP.

With respect to the cardiovascular benefits, we found
that compared with the non-AS group, patients with
AS at baseline showed a 1.70-fold higher risk for stroke
among patients in this study. These results are consistent
with a study conducted by Song et al. [34], which dem-
onstrated a significant and independent association of AS
with the risk of stroke even among individuals with con-
trolled hypertension. These findings provide evidence of
a residual risk of stroke attributed to AS in patients with
good control of hypertension. Notably, our study showed
no interaction between baseline AS status and SBP treat-
ments on cardiovascular events including stroke and all-
cause death, and the beneficial effects of intensive SBP
treatment were similar in the AS and non-AS groups.
There was also no suggestion of heterogeneity of the HRs
for safety outcomes, including renal outcomes, among
patients with AS or non-AS at baseline, indicating that
the safety risk due to intensive SBP treatment was not
aggravated in AS group. We suggested that, regardless
of baseline AS status, intensive SBP treatment appeared
beneficial to cardiovascular outcomes, and we did not
observe higher risk brought by intensive SBP treatment
in patients with AS at baseline.

A strength of the present study was our ability to exam-
ine the role of the baseline AS status on the treatment
effect with the use of a randomized comparison. Other
strengths include the ability to examine the association
between the AS status and cardiovascular risks among
patients with rigorously controlled hypertension as well
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as the large sample size with baPWV measurements. In
addition, the well-organized and carefully recorded data
of the STEP trial add to the reliability of our results.
However, this study also has several limitations. First,
more than 1000 participants lacked baPWV data, impair-
ing the validity of a randomized comparison. Second, we
did not use carotid-femoral aortic pulse wave velocity
(cfPWV), which is considered the gold standard to assess
the status of arterial stiffness. However, evidence has
suggested that the predictive value of baPWV is similar
to that of cfPWYV for predicting clinical outcomes [19].
BaPWV also reflects structural and functional stiffness
of the arterial wall, and baPWV simplifies the procedure
and provides better reproducibility, making it more suit-
able for large cohort [35]. A strong association between
baPWYV and cfPWYV (correlation coefficient, 0.73) was
detected by a previous study [19], suggesting that baPWV
could be used to measure arterial stiffness. Third, as a
post hoc study of a randomized controlled trial, the sta-
tistical power could be insufficient. Because there is only
about half of the whole population in each subgroup, the
statistical power of the analysis was diminished, espe-
cially in AS group. Since this was an exploratory research,
a new trial specifically designed was needed to further
answer this question.

Conclusions

In conclusion, among patients at 60 to 80 years of age with
hypertension, the beneficial effects of an intensive SBP tar-
get of 110 to 130 mm Hg compared with a standard SBP
target of 130 to 150 mm Hg on cardiovascular events were
similar among those in the AS group and the non-AS group.

Abbreviations
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glomerular filtration rate; HR: Hazard ratio; MACE: Major cardiovascular events;
MAP: Mean arterial pressure; OR: Odds ratio; PP: Pulse pressure; SBP: Systolic
blood pressure.
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