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Association between intensive
blood pressure lowering

and stroke-free survival
among patients

with and without Diabetes
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Songjie Zhang’* & Tao Chen®®*

This study pooled data from SPRINT (Systolic Blood Pressure Intervention Trial) and ACCORD-BP
(Action to Control Cardiovascular Risk in Diabetes Blood Pressure) trial to estimate the treatment
effect of intensive BP on stroke prevention, and investigate whether stroke risk score impacted
treatment effect. Of all the potential manifestations of the hypertension, the most severe outcomes
were stroke or death. A composite endpoint of time to death or stroke (stroke-free survival [SFS]),
whichever occurred first, was defined as the outcome of interest. Participants without prevalent
stroke were stratified into stroke risk tertiles based on the predicted revised Framingham Stroke

Risk Score. The stratified Cox model was used to calculate the hazard ratio (HR) for the intensive BP
treatment. 834 (5.92%) patients had SFS events over a median follow-up of 3.68 years. A reduction in
the risk for SFS was observed among the intensive BP group as compared with the standard BP group
(HR: 0.76, 95% Cl: 0.65, 0.89; risk difference: 0.98([0.20, 1.76]). Further analyses demonstrated the
significant benefit of intensive BP treatment on SFS only among participants having a high stroke risk
(risk tertile 1: 0.76 [0.52, 1.11], number needed to treat [NNT] = 861; risk tertile 2: 0.87[0.65, 1.16],
NNT =91; risk tertile 3: 0.69[0.56, 0.86], NNT =50). Intensive BP treatment lowered the risk of SFS,
particularly for those at high risk of stroke.
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Elevated blood pressure (BP) has been identified as the major modifiable risk for stroke development with an esti-
mated population-attributable risk of 48%*. Thus, strict and aggressive BP lowering is deemed the most important
prevention strategy for both primary and secondary stroke prevention®~. A significant benefit of intensive BP
lowering the risk of stroke was observed in the ACCORD-BP trial (Action to Control Cardiovascular Risk in
Diabetes Blood Pressure Trial)®. On the contrary, this treatment benefit was not found in the SPRINT (Systolic
Blood Pressure Intervention Trial) trial with a similar study design but a larger sample size in comparison to
the ACCORD-BP trial’.

Although this observed difference could be attributed to the trial population or the study power, treatment
heterogeneity on all-cause mortality from the two trials should be otherwise noted. We observed a significant
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reduction in death from any cause in the SPRINT trial, which contrasted with the ACCORD-BP trial®’. Clearly,
it is known that the occurrence of death would preclude the observation of a stroke. As such, further analyses are
needed to account for the presence of this terminal competing risk. Meanwhile, many researchers have identi-
fied that individual patients vary from one another in many ways that can affect the potential for benefit, which
cannot be captured by conventional one-variable-at-a-time subgroup analyses®'°. However, the heterogeneity
of treatment effect (HTE) of intensive BP lowering based on individual stroke risk has not been explored.

As such, the aims of this study were (1) to estimate the treatment effect of intensive BP lowering on stroke
prevention using the pooled patient data of SPRINT and ACCORD-BP after considering the presence of com-
peting risks from death; (2) to further investigate whether stroke risk score was associated with differential
treatment effect.

Methods
Patient population and intervention
The limited-access SPRINT and ACCORD-BP participant-level data were pooled for the current post-hoc
analysis. The design and rationale have been reported previously®’. Briefly, the SPRINT was a randomized,
controlled trial, which was designed to test whether the intensive BP control strategy (lowering systolic BP
[SBP] to <120 mmHg) reduces cardiovascular disease(CVD) compared with standard BP control (lowering
SBP to <140 mmHg) in 9361 high CVD risk participants without diabetes mellitus (DM)’. In contrast, a dou-
ble 2 x 2 factorial design was used in ACCORD study. All 10,251 high-CVD-risk participants with DM were
randomly assigned to intensive or standard glycemic therapy. Additionally, 4733 of 10,251 participants were
also randomly allocated to intensive (SBP target to <120 mmHg) or standard (SBP target to < 140 mmHg) BP
therapy (ACCORD-BP trial), which was used for our present analysis®. The population included in the study
did not have a prevalent stroke, as SPRINT excluded participants with a history of stroke, and the number of
participants with a history of stroke was very low in ACCORD-BP®’. The flow chart of participant selection was
shown in Supplemental Fig. SI.

In general, although the two trials share a similar trial design and are not powered to examine the reduction in
CVD subtypes, including stroke, it is of note that differences in BP measurement protocol existed between trials.
Unlike the SPRINT trial, an observer remained present during the BP measurements in the ACCORD-BP trial.

Study outcomes

Since participants who die cannot subsequently experience events, Zachary et al., recommended a clinically
interpretable method by combing information from occurrences of the terminal event (death) for assessing the
treatment effect on the event of interest!!, which has been widely used in cancer trials'>!?. Of all the potential
manifestations of the hypertension, the most severe outcomes were stroke or death. In our study, we defined
the outcome of interest as the stroke-free survival (SFS), which was a composite endpoint of time to death or
stroke, whichever occurred first.

Statistical analysis

For this analysis, we merged the SPRINT and ACCORD-BP trial data after harmonizing the study dura-
tion by censoring it to the longest follow-up duration of SPRINT (4.77 years). Baseline characteristics of the
pooled SPRINT and ACCORD-BP participants were described by SBP treatment strategies and expressed as
mean * standard deviation and n (%) for continuous and categorical variables, respectively.

The cumulative incidence rates of SFS in the intensive and standard BP treatment groups were estimated
using Kaplan—Meier (KM) curve and compared by the log-rank test. We calculated the number of events and
incidence rate per 100 person-years across treatments. Hazard ratios (HRs) and 95% confidence intervals (Cls)
for the intensive BP treatment were calculated using the stratified Cox proportional hazards model to account
for the clustering of patients from the same trial (i.e., SPRINT or ACCORD-BP). Statistical tests based on the
Scaled Schoenfeld residuals were used to identify whether the assumption of proportional hazards has been met.

Apart from the subgroup analyses by individual covariates of interest, we also assessed the HTE across the
tertiles of the individual probability of stroke based on the published equations of the revised Framingham Stroke
Risk Score (R-FSRS)'. This risk score combines 7 covariates (i.e., age, current smoking, prevalent CVD, prevalent
atrial fibrillation, Diabetes mellitus, anti-hypertension treatment, SBP), which would narrow the reference class
for each individual to more granular and similar patients and have indicated better prediction in current stroke
risks!*!°. We also estimated the risk difference and number needed to treat (NNT) of SES across each R-FSRS
strata and overall participants. Available information on serious adverse events across each R-FSRS strata in the
SPRINT trial was also summarized. All analyses were performed using STATA version 15.0 (Stata Corporation).

Ethical approval and consent to participate

The data have been made publicly available and can be requested at https://biolincc.nhlbi.nih.gov upon approval.
The U.S. National Heart, Lung, and Blood Institute (NHLBI) initiated the SPRINT trial, with co-sponsorship
from the National Institute of Diabetes and Digestive and Kidney Diseases, the National Institute of Neurological
Disorders and Stroke, and the National Institute on Aging. The trial was designed and conducted by five Clinical
Center Networks, which included 102 clinical sites, under the guidance of the Steering Committee. Similarly, the
ACCORD trials, sponsored by the NHLBI, were carried out at 77 clinical sites organized into seven networks.
Detailed information about the funding agencies and study locations has been previously reported®’. SPRINT
and ACCORD-BP trials and related experimental protocols received approval from the institutional review
boards of the participating study sites. We confirm that all methods were performed in the present study are in
accordance with the relevant guidelines and regulations. Both trials adhered to the International Conference on
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Harmonization guidelines, and were registered on http://www.clinicaltrials.gov (Identifier: NCT01206062 for
SPRINT and NCT00000620 for ACCORD-BP). The objective of the study was explained, and written informed
consent was obtained from study participants. The data used in this study were anonymized before use. Access
to the raw data used in this study required permissions from NHLBI. The present analysis received approval
from the Xi ’an Medical University ethics approval committee (XYLS2023077).

Results

The baseline characteristics for the individual trial and the pooled participants of SPRINT and ACCORD-BP per
treatment allocation are shown in Supplemental Table S1 and Table 1, respectively. 14,094 patients were included,
with an average age of 66.18 +8.94 years, the proportion of females was 39.66%, 22.39% had clinical CVD, 89.65%
received hypertension treatment, and the average systolic blood pressure was 139.51 + 15.67 mmHg. The average
Framingham stroke risk was 9.29 +8.00%. In general, baseline characteristics differed between studies, such as
the presence of clinical CVD and R-FSRS. However, the baseline characteristics were similar between intensive
and standard BP groups except for dyslipidemia and LDL-C.

After a median follow-up of 3.68 years, 834 of 14,094 patients (5.92%) had SFS events. The incidence rate for
SES was 1.51 per 100 patient-years in the intensive BP group and 1.79 per 100 patient-years in the standard BP
group (Log-rank test: P=0.018; HR: 0.76, 95%ClI: 0.65, 0.89, risk difference: 0.98 [95%CI: 0.20, 1.76]) (Table 2 and
Fig. 1). Results from the subgroup analysis in the combined (Fig. 2) or separate data of SPRINT (Supplemental
Fig. $2) and ACCORD-BP (Supplemental Fig. S3) generally confirmed the findings of the effect of intensive BP
treatment on SFS. The interaction between intensive blood pressure lowering and T2DM was nonsignificant
(P=0.90) (Fig. 2).

Further analyses demonstrated the heterogeneity of intensive BP treatment on SFS across the tertiles of
stroke risk (HR: 0.76 [95%CI: 0.52, 1.11]; 0.87[0.65, 1.16]; 0.69[0.56, 0.86] for low, intermediate and high-risk
categories, respectively) (Table 2). Similar results were found in the SPRINT trial and the ACCORD-BP partici-
pants (Supplemental Table S2). We also identified that patients in the high-risk categories have the largest risk
difference between groups (2.00 [95%CI: 0.33, 3.68]), although this estimate was not statistically significant for

Total Standard Intensive

N=14,094 N=7054 N=7040 P
Source data
SPRINT, n (%) 9361 (66.42) 4683 (66.39) 4678 (66.45) 0.94
ACCORD-BP, n (%) 4733 (33.58) 2371 (33.61) 2362 (3.55)
Demographics
Age, years 66.18+£8.94 66.18+8.99 66.18+8.89 0.99
Female, n (%) 5590 (39.66) 2778 (39.38) 2812 (39.94) 0.50
Race, n (%)
Black 3929 (27.88) | 2003 (28.40) | 1926 (27.36) | 0.59
White 8180 (58.04) 4069 (57.68) 4111 (58.39)
Hispanic 1314 (9.32) 651 (9.23) 663 (9.42)
Others 671 (4.76) 331 (4.69) 340 (4.83)
Medical history
Clinical CVD, n (%) 3156 (22.39) 1573 (22.30) 1583 (22.49) 0.74
Dyslipidemia, n (%) 7358 (52.21) 3749 (53.15) 3609 (51.26) 0.025
Hypertension treatment, n (%) 12,635 (89.65) | 6304 (89.37) 6331 (89.93) 0.27
Current smoking, n (%) 3192 (22.69) 1580 (22.44) 1612 (22.94) 0.49
Current drinking, n (%) 4426 (31.51) 2190 (31.15) 2236 (31.87) 0.36
Biometric and laboratory data
BMI, kg/m? 30.59+5.70 30.54+5.63 30.64+5.76 0.33
SBP, mm Hg 139.51+15.67 |139.55+15.44 | 139.46+15.89 |0.72
DBP, mm Hg 77.40+11.49 77.34+11.47 77.45+11.52 0.58
eGRE, mL/min/1.73m? 78.43+£25.45 78.42+24.82 78.43+26.06 0.99
Glucose, mmol/L 6.96+2.81 6.93+2.78 6.99+2.84 0.24
HDL-C, mmol/L 1.31+£0.38 1.31+£0.38 1.31+£0.37 0.93
LDL-C, mmol/L 2.89+£0.92 2.87+0.91 2.90+0.93 0.08
Randomized intensive glycemic treatment?, n (%) 2371 (16.82) 1193 (16.91) 1178 (16.73) 0.78

Table 1. Patient characteristics across treatment strategies. BMI, body mass index; CVD, cardiovascular
disease; DBP, diastolic blood pressure; eGFR, estimated glomerular filtration rate; HLD-C, high-density
lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol; SBP, systolic blood pressure. Categorical
variables are reported as numbers and percentages. Continuous variables are reported as mean + SD. *Only for
the ACCORD-BP trial.
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Intensive Standard
Incidence rate, Incidence rate, HR NNT® Risk difference
N Event | per 100 person-years | N Event | per 100 person-years | (95% CI) P (95% CI) (95% CI)
Overall
Total 7040 [382  [151(137,167) (7054 452 [1.79.(1:63,1.96) 076 (065,0.89) [0.001 [102(53,361) |0.98 (0.20,1.76)
Framingham stroke score®
Q1 (0.37-5.15%) 2281 |64 0.80 (0.63, 1.03) 2293 |67 0.84 (0.66, 1.07) 076 (0.52, 1.11) ] 0.16 | 861 0.12 (- 0.85, 1.08)
Q2 (5.16-12.07%) | 2239 | 102 | 1.26 (1.04,1.53) 2335 | 132 | 1.56(1.32, 1.86) 0.87(0.65,1.16) | 035 |91 1.10 (- 0.18, 2.37)
Q3 (12.07-78.94%) | 2324 | 191 | 2.26(1.96, 2.60) 2250 |230 | 2.81(2.47,3.20) 0.69 (0.56,0.86) | 0.001 |50 (25,232) | 2.00 (0.33,3.68)

Stroke-free survival

1.00

0.98

0.96 —

0.94

0.92

0.90

Table 2. HRs for the stroke-free survival across the stroke risk score strata. *Stroke risk score categories based
on tertiles of the Framingham stroke risk scores (FSRS). 372 missing values of Framingham Stroke Risk Score
(FSRS) because of the missing variables used for FSRS calculation (N =65) and the exclusion of participants
with a history of stroke in ACCORD-BP (N =307). ®95% CI of the number need to treat (NNT) only reported
as treatment effects when statistically significantly different.

Standard

Intensive

Log-rank test: P=0.018; Hazard ratio with
intensive treatment: 0.76 (95%CI: 0.65, 0.89)

Number at risk

Standard 7054
Intensive 7040

T T I T T I T T T

0.5 1 1.5 2 2.5 3 3.5 4 4.5
Time(Years)
6931 6847 6756 66438 6302 5199 3940 2700 1671
6917 6827 6739 6648 6298 5212 3915 2685 1616

Fig. 1. Kaplan-Meier Curve comparing intensive BP Versus Standard BP on stroke-free survival.

low (0.12 [- 0.85, 1.08]) or intermediate (1.10[— 0.18, 2.37]) categories. Correspondingly, for individuals in the
high-risk category, the NNT was estimated to be 50 (95% CI, 25, 232), which is much lower than the low (861)
and intermediate-risk categories (91). Meanwhile, we also identified that any or related serious adverse events
were more frequent among individuals in the intensive versus standard BP groups across all levels of stroke risk
based on the available safety data from the SPRINT trial (Supplemental Table S3).

Discussions

Our pooled analysis of the ACCORD-BP and SPRINT trials demonstrated that patients in the intensive BP treat-
ment group (target SBP < 120 mmHg) had a lower relative and absolute risk of SES compared with those from the
standard BP control group (target SBP <140 mmHg). Additionally, our study indicated that the heterogeneity of
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Subgroup
Overall
Diabetes
T2DM
Non-T2DM
Gender
Female
Male
Age
>60 years
<60 years
Race
Black
Non-black

Previous CVD history
Yes

No
Baseline SBP
<132 mm Hg
132-145 mm Hg
>145 mm Hg

N/Event Incidence Rate, HR(95% CI) P value P for interation
Per 100 Patient-years
Intensive Standard Intensive Standard
7040/382 7054/452 1.51(1.37, 1.67) 1.79(1.63, 1.96) —— 0.76(0.65, 0.89) 0.001
0.90
2770/140 2732/136 1.33(1.16, 1.61) 1.33(1.13, 1.57) —_—— 0.77(0.58, 1.03) 0.08
4168/223 4217/296 1.50(1.32, 1.71) 1.98(1.76,2.21) —— 0.76(0.63, 0.91) 0.003
0.06
2812/147 2778/142 1.42(1.21, 1.67) 1.38(1.17, 1.63) —_—— 0.90(0.68, 1.18) 0.44
4228/235 4276/310 1.57(1.39, 1.79) 1.98(1.84,2.30) —— 0.71(0.58, 0.85) <0.001
0.29
5141/320 5154/370 1.77(1.58,1.97) 2.04(1.84,2.25) — 0.79(0.67, 0.94) 0.006
1889/62 1900/82 0.87(0.68, 1.11) 1.15(0.93, 1.43) —_—— 0.64(0.43, 0.96) 0.031
0.57
1926/103 2003/120 1.53(1.26, 1.86) 1.71(1.43,2.05) —_—— 0.80(0.59, 1.08) 0.15
5114/279 5051/332 1.51(1.34, 1.69) 1.81(1.63,2.02) —— 0.75(0.62, 0.90) 0.002
0.17
1583/157 1573/158 2.67(2.29,3.12) 2.71(2.32,3.16) —_—— 0.82(0.63, 1.07) 0.14
5457/225 5481/294  1.16(1.02, 1.32) 1.51(1.35, 1.69) —— 0.73(0.61, 0.89) 0.001
0.62
2410/113 2335/141 1.30(1.08, 1.56) 1.69(1.43, 1.99) —_— 0.67(0.51, 0.89) 0.006
2218/115 2344/131 1.44(1.20, 1.73) 1.54(1.30, 1.82) —_—— 0.80(0.60, 1.06) 0.12
2405/154 2365/180 1.80(1.54,2.11) 2.14(1.85,2.47) —— 0.81(0.64, 1.03) 0.09
T I T T
0 0.5 1 1.5 2
Intensive Treatment Better Standard Treatment Better

Fig. 2. Forest plot of stroke-free survival according to subgroups. Incidence rate per 100 patient-years and HRs
of intensive blood pressure treatment effect, compared with patients in the standard blood pressure control
group. HRs were calculated by adjusting the analysis by adding the interaction term of the BP treatment group
and glycemic treatment group (the SPRINT are treated as standard glycemic) to adjust for the influence of
factorial design in the ACCORD study. The interaction term of the BP treatment group and each subgroup was
also added to the Cox model among the subgroup analyses.

intensive BP treatment benefit existed across the tertiles of stroke risk, with a significant reduction in SFS among
the group at the highest stroke risk based upon the R-FSRS.

Many observational studies have documented a progressive increase in CVD risk as SBP rises above 115 mm
Hg!®!7. According to the estimation from the INTERSTROKE study, high BP is the most important contributor
among the 10 most commonly identified major modifiable risk factors, which accounts for 48% of the popula-
tion attributable risk for stroke development!. Thus, BP lowering is regarded as the important strategy for stroke
prevention, which has been proven by several randomized trials*'®. However, previous analyses for the SPRINT
and ACCORD-BP trials found inconsistent results on the stroke risk reduction from the intensive BP treatment,
where a significant treatment benefit was found in the ACCORD-BP trial but not in the SPRINT trial. On the
contrary, it is noteworthy that a significant death reduction in the SPRINT trial but not in the ACCORD-BP
trial®’. This brought us attention to the presence of so-called “terminal competing risks” in both trials as a
stroke could not be observed if the patient dies before its occurrence'®*. Meanwhile, investigators argued that
studies treating the death as censoring in traditional survival analyses can have a depletion of susceptible issue,
especially when one of the treatments has a strong effect on the occurrence of a terminal event (eg. death)?'~>.
Therefore, our study, following the recommendation from Zachary R. McCaw et al.!! re-analyzed the two trial
data using SFS as the outcome of interest. We consistently found that intensive BP treatment could improve SFS
in the pooled and individual trials.

Clinical trials provide average treatment effects across participants with variable patient characteristics.
However, patients are likely to receive treatment benefits differently. Risk-based treatments to inform treatment
decisions of CVD prevention have been recognized for decades'®** and were included in some guidelines®>?.
Unlike the conventional approach which poorly defined disease risk by individual clinical variables such as age,
body mass index, and baseline SBP, risk scores could give a better assessment of risk after integrating all relevant
variables simultaneously'*?*?’”. Our study observed the heterogeneity of intensive BP treatment effect across
different levels of baseline stroke risk. Specifically, a significant improvement in SFS and lowest NNT (largest
absolute risk difference) from intensive BP treatment was observed in subjects at high stroke risk. These findings
highlighted that intensive BP treatment targeting those at greatest stroke risk is likely to be more cost-effective
for stroke prevention.

This study has notable strengths, including that SPRINT and ACCORD-BP trials are both large randomized
controlled trials evaluating the clinical effectiveness of intensive BP treatment and had similar study design and
adjudicated outcomes. In addition, our secondary analysis used a clinically interpretable endpoint that combined
information from occurrences of death and stroke simultaneously and naturally accounted for differences in
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terminal event rates when comparing treatments concerning the time to an undesirable outcome. Nevertheless,
some limitations are worthy of comment. First, both trials enrolled high-risk populations and results may not
be generalizable to healthier populations. Second, our analysis included the relatively short duration of follow-
up in each study. The long-term implications of increased risk of serious adverse events like kidney disease are
unclear, which prevented us to assess the net benefit given that the existing safety concerns arise from intensive
BP control**%. Third, data were not available for either study regarding stroke subtype (i.e., ischemic stroke,
intracerebral hemorrhage, subarachnoid hemorrhage), which prevented us to assess potential differences from
intensive BP treatment in these subtypes. The cause of stroke and hemodynamic consequences are heterogene-
ous across stroke subtypes and timing of disease presentation, though the number of hemorrhagic and ischemic
stroke subtypes were similar across the intensive and standard BP arms of SPRINT®’.

Conclusions
Our analysis confirmed the benefit of intensive BP treatment on SFS. Strick BP treatment could be recommended
for the primary prevention of strokes, particularly for those at the highest predicted stroke risk.

Data availability

The data that support the findings of this study are available from NHLBI Biologic Specimen and Data Reposi-
tory (BioLINCC) (http://www.biolincc.nhlbi.nih.gov/home, https://biolincc.nhlbi.nih.gov) but restrictions apply
to the availability of these data, which were used under license for the current study, and so are not publicly
available. Data are however available from the authors upon reasonable request and with permission of NHLBI.
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