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Abstract

Background

In the 2017 ACC/AHA hypertension guidelines, a 10-year risk of more than 10% is consid-
ered for initiation of intensive blood pressure reduction. The current study aimed to deter-
mine which cut off limit of cardiovascular risk for starting intensive blood pressure reduction
is beneficial.

Design
A Secondary Analysis of Systolic Blood Pressure Intervention Trial (SPRINT).

Methods

Data from the SPRINT Trial was obtained from the NHLBI Data Repository Center. In the
SPRINT, non-diabetic participants with SBP of > 130 mmHg were randomly assigned to
intensive and standard treatment arms with SBP targets of < 120 and < 140 mmHg, respec-
tively. This study analyzed data from non-diabetic participants less than 75 years of age
without cardiovascular or chronic kidney disease. The primary composite outcome was
myocardial infarction, and other acute coronary syndromes, stroke, heart failure, or death
from cardiovascular causes. Cox regression models were used to examine the risk of the
occurrence of the SPRINT primary composite outcome. To identify the relationship between
BP values and the log hazards, natural cubic spline functions were performed.

Results

In the analysis, 4292 patients were enrolled. The results demonstrated a clear J-shaped
relationship between the effect of intensive blood pressure control and the risk of CVD
events and 10-year Framingham cardiovascular risk levels at a cut-off limit of approximately
<7%.
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Conclusions

This post-hoc secondary analyses of the SPRINT trial showed that a cut off value of more
than 7% may be useful in selecting patients suitable for initiation of blood pressure
reduction.

Introduction

Hypertension is well known as a leading cause of cardiovascular diseases (CVDs) [1]. Many
hypertension treatment guidelines have made a priority of treating blood pressure alone rather
than treating blood pressure in association with cardiovascular disease risk [2, 3]. Cholesterol
treatment guidelines, however, have replaced single-risk-factor treatments with absolute risk
assessment to provide instruction for preventive therapies [4, 5]. The 2017 American College
of Cardiology/American Heart Association (ACC/AHA) hypertension guidelines suggested
that intensive blood pressure lowering be initiated in individuals with a 10-year risk of higher
than 10%, a newly detected SBP of between 130 to 139 mmHg at baseline, and without a
known CVD [6]. This recommendation is a cause for concern as it is not based on a clinical
trial [7]. It is presumed that this suggestion is according to the results of the Systolic Blood
Pressure Intervention Trial (SPRINT) trial [7]; However, almost all participants of the SPRINT
trial were already hypertensive and on anti-hypertensive drugs [8].

The SPRINT trial revealed that intensive reduction of systolic blood pressure (SBP) can
decrease the rate of cardiovascular events in non-diabetic participants with a high cardiovascu-
lar disease risk [8]. Specifically, the SPRINT did not assess the outcomes of intensive blood
pressure control associated with total cardiovascular risks. Some studies have also shown that
intensive blood pressure reduction in high risk patients has significant benefits [9-11].
Recently, a secondary analysis of the SPRINT indicated that intensive SBP reduction to a level
below 120 mm Hg was beneficial for primary prevention of cardiovascular morbidity and
mortality in non-diabetic patients with a cardiac risk above 10% [9]. In this study, a secondary
analysis of 10-year Framingham cardiovascular risk levels and the risk of developing the pri-
mary composite cardiovascular outcome from the SPRINT trial was performed to determine
which cut-off limit of cardiovascular risk for initiating intensive blood pressure control is help-
ful in preventing cardiovascular events.

Methods

Data collection

This study used data from the SPRINT trial, received from the National Heart, Lung, and
Blood Institute (NHLBI) Biologic Specimen and Data Repository Information Coordinating
Center.

Study design and population

The study design of the SPRINT trial has been explained point by point elsewhere [8]. In brief,
the randomized, controlled, open-label trial was conducted at 102 clinical sites on 9361 partici-
pants who had an SBP above 130 mmHg and increased cardiovascular disease risk. Patients
were randomly assigned to one of the two treatment arms in this study: the control arm target-
ing an SBP <140 mmHg, or the intensive treatment arm with the target of SBP <120 mmHg.
The inclusion criteria were an SBP between 130 mmHg and 180 mmHg, age >50 years, and
elevated risk of cardiovascular events. Elevated cardiovascular risk was described as due to one
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or more of the following: 1) presence of CKD (excluding polycystic renal disease) with eGFR
varying from 20 to lower than 60, computed by the Modification of Diet in Renal Disease
(MDRD) formula; 2) according to the Framingham Cardiovascular Risk Score, a 10-year risk of
more than 15% for CVD; 3) clinical or sub-clinical CVD excluding stroke; and 4) age at least 75
years. Participants with diabetes mellitus or a previous history of stroke were excluded. Due to the
data clarification stated by NHLBI Biologic Specimen and Data Repository Information Coordi-
nating Center, some participants were enrolled in the SPRINT who had an intermediate Framing-
ham risk score or even a low risk score. In the current study, participants who had a baseline
chronic kidney disease or cardiovascular disease and those who were aged 75 years or older were
excluded. Using the 10-year Framingham cardiovascular risk scores, patients were divided into
low risk (risk < 10%), intermediate risk (risk >10 to <15%), and high risk groups (risk >15).

Intervention and measurements

Throughout the first three months of the SPRINT trial, the participants were visited every month;
after that, visits occurred at 3-month intervals. Every month, drugs for the intensive treatment
arm were prescribed to obtain an SBP of <120 mmHg. Differently, medications for the standard
treatment arm were prescribed to obtain a systolic blood pressure of 135-139 mmHg. The dosage
was reduced if the SBP was lower than 130 mmHg in one visit or below 135 mmHg in two visits.
Dose adjustments were done with regards to the mean of three BP measurements in one visit.
Measurements were taken with an automated system (model 907, Omron Healthcare).

Baseline demographic characteristics and the clinical and laboratory information of the
subjects were gathered at first and then every three months. Structured interviews for detecting
CVD outcomes were conducted in groups every three months. The participants’ electrocar-
diographic findings and medical data were recorded. Serious adverse events (SAE) were
explained as fatal or vital events, which lead to a considerable or persistent disorder, requiring
a prolonged hospitalization or the researcher’s judgment to establish whether or not the condi-
tion was a considerable clinical threat to the patient.

Outcomes

Primary composite outcomes included myocardial infarction, stroke, acute decompensated
heart failure, acute coronary syndrome rather than myocardial infarction, or death from car-
diovascular causes. Secondary outcomes consisted of each component of the primary compos-
ite outcome separately, death from any cause, and the combination of the primary outcome or
death from any reason.

Statistical analyses

In this study, the calculated 10-year Framingham cardiovascular risk levels and the risk of
developing the SPRINT primary composite cardiovascular endpoint were examined using Cox
regression models. Natural cubic spline functions were applied to determine the relationship
between the log hazards and BP values. All tests were two-sided and the level of significance at
p<0.05 was considered. All analyses were performed using the Statistical Package for Social
Sciences, version 17.0 (SPSS Inc., Chicago, IL, USA).

Results
Study population

In this study, 4292 participants from the SPRINT trial who met the eligibility criteria were
enrolled. The flowchart of the study is presented in Fig 1. The subjects were divided into three
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CONSORT 2010 Flow Diagram

l Enroliment ] 14,692 Patients were assessed for eligibility

5331 Were ineligible or declined to participate
-34 Were <50 yr of age
-352 Had low systolic blood pressure at 1 min
» after standing
-2284 Were taking too many medications or had
systolic blood pressure that was out of range
-718 Were not at increased cardiovascular risk
-703 Had miscellaneous reasons
-587 Did not give consent
-653 Did not complete screening

4
17 9361 Underwent randomization —1
[ Allocation ]

4678 Were assigned to intensive treatment 4683 Were assigned to standard treatment

[ Follow-Up ]

4 L 2

-224 Discontinued intervention -242 Discontinued intervention

-111 Were lost to follow-up -134 Were lost to follow-up

-154 Withdrew consent -121 Withdrew consent

-2583 were excluded from analysis as they -2622 were excluded from analysis as they
were aged above 75 or had baseline CKD were aged above 75 or had baseline CKD
or CVD or CVD

l Analysis ]

v v

2027 were included in the analysis 1993 were included in the analysis
-717 were at low risk -708 were at low risk
-522 were at intermediate risk -452 were at intermediate risk
-788 were at high risk -833 were at high risk

Fig 1. CONSORT flow diagram of the study.
https://doi.org/10.1371/journal.pone.0240102.9001

groups according to the cardiovascular risk score. Patients were categorized into low risk
(risk < 10%), intermediate risk (risk >10 to <15%), and high risk groups (risk >15) based on
their 10-year Framingham cardiovascular risk scores. Characteristic features and laboratory
data are provided in Table 1.

PLOS ONE | https://doi.org/10.1371/journal.pone.0240102  October 1, 2020 4/12


https://doi.org/10.1371/journal.pone.0240102.g001
https://doi.org/10.1371/journal.pone.0240102

PLOS ONE

Risk-based intensive blood pressure reducation

Table 1. Baseline characteristics of participants based on 10-year Framingham cardiovascular risk scores.

Characteristics 10-year Framingham cardiovascular risk score
Low risk Intermediate risk High risk
risk < 10% risk >10 to <15% risk >15
n=1516 n = 1065 n=1711
Female, n(%) 869(57.3) 327(30.7) 240(14)
Age, mean years + SD 61.06+6.21 62.7£6.09 63.3+£6.07
Race, n(%)
Non-Hispanic black 708(46.7) 352(33.1) 356(31.3)
Hispanic 214(14.1) 161(15.1) 196(11.5)
Non-Hispanic white 568(37.5) 534(50.1) 938(54.8)
Other 26(1.7) 18(1.7) 41(2.4)
Black race, n(%) 764(50.4) 383(36) 560(32.7)
Baseline blood pressure-mmHg
Systolic 133.5+13.26 139.4+13.72 145.34+15.7
Diastolic 79.32+10.1 81.85+10.07 84.58+11.14
Distribution of systolic blood pressure, n(%)
< 140 mmHg 1044(68.9) 587(55.1) 658(38.5)
140-159 mmHg 426(28.1) 382(35.9) 770(45)
> 160 mmHg 46(3) 96(9) 283(16.5)
Serum Creatinine, mg/dl 0.9+0.18 0.94+0.18 0.96+0.17
Estimated GFR ml/min/1.73 m? in those with GFR >60 83.07+16.57 82.27+15.42 83.18+15.86
Ratio of urinary albumin (mg) to Creatinine (g) 24.86+124.24 21.04+56.79 27.65+126.88
Fasting total Cholesterol, mg/dl 192.2£39.68 194.1£38.5 205.5+40.82
Fasting HDL cholesterol, mg/dl 56.1+15.66 51.97+12.92 48.85+12.31
Fasting total triglycerides, mg/dl 111.7£57.69 126.32£70.19 151.36+143.29
Fasting plasma glucose, mg/dl 98.68+15.32 99.56+12.58 99.65+13.85
Statin use, n (%) 541(35.9) 375(35.4) 444(26.1)
Aspirin use, n (%) 620(41) 464(43.6) 654(38.3)
Smoking status, n(%)
Never smoked 813(53.6) 481(45.2) 593(34.7)
Former smoker 562(37.1) 440(41.3) 610(35.7)
Current smoker 141(9.3) 144(13.5) 508(29.7)
BMI 31.8546.43 30.55+5.54 29.85+5.37
Antihypertensive agents, no./patients 2.31+0.9 1.74+0.86 1.01+0.82
Not using antihypertensive agents 9(0.6) 48(4.5) 506(29.6)

https://doi.org/10.1371/journal.pone.0240102.t001

Cardiovascular events

Analysis of the relationship between 10-year Framingham cardiovascular risk levels and the effect
of intensive blood pressure reduction with risk of primary outcome is shown in Table 2. In patients
with a high risk (HR, 0.45; 95% CI, 0.28 to 0.75; p = 0.002) or an intermediate risk (HR, 0.41; 95%
CI, 0.2 to 0.84; p = 0.015), the primary outcome significantly occurred more in the standard

Table 2. Primary outcome based on stratified cardiovascular risk scores.

10-year Framingham cardiovascular risk score Intensive treatment group Standard treatment group HR (CI) P value

Low, n(%) 19(13.5) 14(9.9) 1.33(0.67-2.65) 0.422
Intermediate, n(%) 11(7.8) 24(17) 0.41(0.2-0.84) 0.015

High, n(%) 22(15.6) 51(36.2) 0.45(0.28-0.75) 0.002
https:/doi.org/10.1371/journal.pone.0240102.t002
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Fig 2. Natural cubic spline curve demonstrating a J-shaped relationship between efficacy of intensive blood
pressure reduction and 10-year Framingham cardiovascular risk.

https://doi.org/10.1371/journal.pone.0240102.9002

treatment group, while in participants with low risk (HR, 1.33; 95% CI, 0.67 to 2.65; p = 0.422), the
primary outcome happened non-significantly more in the intensive treatment group.

Natural cubic spline functions were applied to determine the relationship between the log
hazards and BP values. Analysis results revealed a clear J-shaped relationship between 10-year
Framingham cardiovascular risk levels and the effect of intensive blood pressure reduction
with risk of fatal and non-fatal CVD events at a threshold of approximately <7% (Fig 2).

Cumulative hazards for the primary outcome in intensive and standard treatment groups
in participants with a 10-year Framingham cardiovascular risk score >7% are shown in Fig 3.

Clinical outcomes

Primary and secondary outcomes in patients with a 10-year Framingham cardiovascular risk
score above 7 are shown in Table 3. Occurrence of the primary outcome was significantly
lower (HR = 0.51; CI, 0.35 to 0.74; p<0.001) in the intensive therapy group. Furthermore,
patients with intensive therapy showed a significant benefit in stroke (HR = 0.38; CI, 0.18 to
0.81; p = 0.013), death from cardiovascular causes (HR = 0.25; CI, 0.07 to 0.89; p = 0.033), and
primary outcome and death (HR = 0.57; CI, 0.42 to 0.78; p = 0.001).

Intensive blood pressure reduction in patients with a risk score >7 had no effect on sex,
race, baseline blood pressure level, or taking aspirin or statins, as demonstrated in Table 4.

Serious adverse events

Opverall serious adverse events were observed more in the group with intensive therapy (528
cases) compared to standard therapy (485 cases) (HR = 1.21; 95% CI, 0.99-1.27; p = 0.07). Fur-
thermore, acute kidney injury or acute kidney failure occurred significantly more in the group
with intensive therapy (HR, 2.76; 95% CI, 1.58 to 4.81; p<0.001). The adverse events are
reported in detail in Table 5.
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Fig 3. Cumulative hazards for the primary outcome in intensive and standard treatment groups in participants

with a 10-year Framingham cardiovascular risk score >7%.

https://doi.org/10.1371/journal.pone.0240102.g003

Discussion

This study is the first to analyze the presence of a J-shaped curve relationship between baseline
cardiovascular risk and the effect of intensive blood pressure reduction. The 2017 ACC/AHA

hypertension guidelines recommend initiation of antihypertensive medication at lower thresh-
olds (130/80 mmHg) and lower blood pressure target goals [6]. Questions regarding the target

goal of hypertension treatment [12] in the 2017 ACC/AHA guidelines and criticism that a
risk-based strategy is not based on randomized, controlled trials [7] prompted the perfor-
mance of a secondary analysis of the SPRINT trial to find the relationship between

Table 3. Primary and secondary outcomes in patients with a 10-year Framingham cardiovascular risk score >7%.

Intensive treatment group, n(%) Standard treatment group, n(%) HR(CI) P value
n=1778 n=1790
Primary Outcome 42(2.4) 82(4.6) 0.51(0.35-0.74) <0.001
Secondary Outcomes
Myocardial Infarction 21(1.2) 35(2) 0.6(0.35-1.04) 0.068
Acute Coronary Syndrome 5(0.3) 7(0.4) 0.7(0.23-2.27) 0.575
Stroke 9(0.5) 24(1.3) 0.38(0.18-0.81) 0.013
Heart Failure 8(0.4) 15(0.8) 0.54(0.23-1.27) 0.156
Death from cardiovascular causes 3(0.2) 12(0.7) 0.25(0.07-0.89) 0.033
Death from any cause 28(1.6) 42(2.3) 0.67(0.42-1.09) 0.106
Primary outcome or death 60(3.4) 105(5.9) 0.57(0.42-0.78) 0.001

https://doi.org/10.1371/journal.pone.0240102.t003
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Table 4. Primary outcome based on subgroups in those with a 10-year Framingham cardiovascular risk score >7%.

Intensive treatment group Standard treatment group HR(CI) P value of interaction
Sex
Female 12/939(1.3) 17/939(1.8) 0.69(0.33-1.44) 0.374
Male 30/2629(1.1) 65/2629(2.5) 0.46(0.3-0.72)
SBP
<140 mmHg 20/1736(1.1) 40/1736(2.3) 0.49(0.28-0.83) 0.472
140-159 mmHg 15/1424(1) 34/1424(2.4) 0.45(0.25-0.83)
>160 mmHg 7/408(1.7) 8/408(2) 0.87(0.32-2.4)
Race
Black 14/1315(1.1) 30/1315(2.3) 0.49(0.26-0.92) 0.842
Non-black 28/2253(1.2) 52/2253(2.3) 0.52(0.33-0.83)
Aspirin
Yes 16/1442(1.1) 35/1442(2.4) 0.45(0.25-0.81) 0.571
No 26/2120(1.2) 47/2120(2.2) 0.56(0.35-0.9)
Statin
Yes 16/1107(1.4) 33/1107(3) 0.5(0.27-0.91) 0.914
No 26/2441(1.1) 49/2441(2) 0.52(0.32-0.84)

https://doi.org/10.1371/journal.pone.0240102.t004

cardiovascular risk and the effect of intensive blood pressure reduction. The results revealed a
clear J-shaped relationship between 10-year Framingham cardiovascular risk levels and the
effect of intensive blood pressure reduction with risk of fatal and non-fatal CVD events at a
threshold of approximately <7%. Despite not being based on ASCVD risk scores; it may still
be shown that a lower threshold than the current ACC/AHA recommendation level should be
chosen for starting intensive blood pressure reduction.

Using a risk-based strategy for controlling blood pressure has several benefits. First of all,
studies have shown that cardiovascular events happen more among hypertensive patients with
a high cardiovascular risk than those with a low cardiovascular risk [9-11]. Karmali etal. in a
pooled analysis showed that most cardiovascular events occurred in participants with
SBP<140 and DBP <90, while 65% of events happened among those with a 10-year cardiovas-
cular disease risk more than 7.5% [13]. Furthermore, treatment of blood pressure based on a
cardiovascular disease risk is associated with less visit-to-visit variability and measurement
error than that based on blood pressure alone. Ye et al. found that 10-year predicted cardiovas-
cular disease risk alterations are fewer than changes in blood pressure [14]. Moreover, a risk-
based strategy helps physicians [15] have better judgment in treating hypertensive patients.

There is some controversy in comparing the current results with other studies. In a post
hoc analysis of the SPRINT, Ling Zhang et al. concluded that regardless of 10-year Framing-
ham cardiovascular risk levels, intensive blood pressure reduction was helpful [16]. Their
study design and population can somewhat explain the difference in results. For example, they
enrolled participants with cardiovascular disease and chronic kidney disease. Additionally, in
their meta-analysis, Thomopoulos et al. concluded that cardiovascular risk should not be con-
sidered for lowering systolic blood pressure to less than 130 mmHg [17]. This controversy
could be due to different target goals and risk stratification. Actually, the meta analysis
included a trivial number of studies with target goals of SBP less than 120 mm Hg; the current
study considered a higher and different cut-off limit for cardiovascular risk than theirs. In
another meta-analysis, Bohm et al. assessed high-risk participants older than 55 years of age
with a prior history of cardiovascular disease from the ONTARGET [18] and TRANSCEND
[19] trials. The results demonstrated lower mortality risk, and cardiovascular events were
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Table 5. Serious adverse events, condition of interest and monitored clinical events in participants with a 10-year Framingham cardiovascular risk score> 7.

Serious Adverse Events
Condition of Interest
Serious Adverse Events only
Hypotension
Syncope
Bradycardia
Electrolyte abnormality
Injurious fall

Acute Kidney Injury or Acute Kidney Failure

Emergency department visit or Serious adverse events

Hypotension

Syncope

Bradycardia

Electrolyte abnormality

Injurious fall

Acute Kidney Injury or Acute Kidney Failure
Monitored Clinical events
Adverse lab measures

Serum Sodium < 130

Serum Sodium >150

Serum Potassium < 3

Serum Potassium > 5.5
Orthostatic hypotension

Alone

With dizziness

https://doi.org/10.1371/journal.pone.0240102.t005

Intensive treatment group Standard treatment group HR P value
528(29.7) 485(27.1) 1.21(0.99-1.27) 0.07
26(1.5) 14(0.8) 1.88(0.98-3.6) 0.057
29(1.6) 21(1.2) 1.4(0.8-2.46) 0.237
16(0.9) 9(0.5) 1.81(0.8-4.1) 0.154
26(1.5) 33(1.8) 0.79(0.48-1.33) 0.383
15(0.8) 16(0.9) 0.95(0.47-1.92) 0.888
46(2.6) 17(0.9) 2.76(1.58-4.81) <0.001
46(2.6) 20(1.1) 2.34(1.39-3.96) 0.001
50(2.8) 31(1.7) 1.64(1.05-2.57) 0.03
19(1.1) 9(0.5) 2.15(0.97-4.75) 0.058
40(2.2) 39(2.2) 1.04(0.67-1.61) 0.871
72(4) 67(3.7) 1.09(0.78-1.52) 0.612
51(2.9) 18(1) 2.9(1.69-4.96) <0.001
63(3.5) 28(1.6) 2.31(1.48-3.61) <0.001
2(0.1) 0 0.47
46(2.6) 33(1.8) 1.43(0.92-2.24) 0.116
40(2.2) 41(2.3) 1(0.64-1.54) 0.992
248(13.9) 281(15.7) 0.9(0.76-1.07) 0.232
16(0.9) 25(1.4) 0.65(0.35-1.23) 0.185

associated with an SBP target around 130 mmHg, while in an SBP less than 120 mmHg, car-
diovascular events other than myocardial infarction and stroke were increased [20]. The study
design and population could clarify the differences between the results of the current study
and theirs. Diabetic participants were included in these trials, but not in the SPRINT. In con-
trast to the ONTARGET and TRANSCEND trials, blood pressure measuring in the SPRINT
was unattended, which could cause values 5 to 10 mmHg lower than those routinely obtained
[21]. The Heart Outcomes Prevention Evaluation (HOPE)-3 trial [22] consisted of 12,705 par-
ticipants at intermediate cardiac risk and demonstrated that antihypertensive treatment was
not beneficial for decreasing cardiovascular events. Receiving medications for the control
group, defining primary outcome, risk stratification, study population, and blood pressure tar-
get in the SPRINT were different than those in HOPE-3, which made comparisons difficult.

The advantages of intensive treatment are associated with some adverse effects. Serious
adverse events (SAEs) due to hypotension, syncope, and acute kidney injury or acute renal fail-
ure occurred more in the intensive treatment arm. No significant difference in injurious fall
was found, although hypotension and syncope happened more frequently in the intensive-
treatment group.

Several limitations in this study should be noted. Due to excluding participants with low or
intermediate risks in the original protocol of the SPRINT, stratified randomization of patients
with these risks was not done properly, and the sample size of these groups were quite small.
The SPRINT participants were almost all previously diagnosed as having hypertension and on
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anti-hypertensive medications which affected risk-based classification. In addition, in the low
risk group, the factors influencing CVD risk other than hypertension were increased. On the
other hand, the small number of patients/events, particularly in the low risk group, decreased
the statistical power of this analysis. These can justify to some extent the greater HR for the pri-
mary outcome in the low risk group compared to the intermediate and high risk groups. Fur-
thermore Berkelmans et al. revealed that the possibility of changes in blood pressure could not
explain all the positive findings in the SPRINT trial. Other explanations should be considered,
such as dissimilarity in therapy strategies. For instance, higher rates of diuretic use in the
intensive treatment group could also account for the positive effects in the SPRINT trial [23],
as low-dose diuretics are beneficial for preventing cardiovascular diseases in heart failure
patients [24-27]. It seems further investigations are required to answer the questions regarding
a risk-based strategy for treating hypertension.

In conclusion, as the threshold for starting statins is considered as 7.5%, choosing the same
level for selecting patients who have gains from intensive blood pressure reduction may sim-
plify preventive cardiology rules. However, this conclusion should be considered with some
precaution, as it is based on a post hoc analysis, and has used Framingham risk score instead
of ASCVD risk.
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