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Abstract

It remains uncertain whether intensive control of blood pressure (BP) results in a lower risk of
atrial fibrillation (AF) in patients with hypertension. Using data from the Systolic Blood Pressure
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Intervention Trial (SPRINT), which enrolled participants with hypertension at increased risk of
cardiovascular disease (CVD), we examined whether intensive BP lowering (target systolic BP
(SBP) <120 mm Hg), compared with standard BP lowering (target SBP<140 mm Hg), results in a
lower risk of AF. This analysis included 8,022 participants (4,003 randomized to the intensive arm
and 4,019 to standard BP arm) who were free of AF at the time of enrollment and with available
baseline and follow-up electrocardiographic data. AF was ascertained from standard 12-lead
electrocardiograms recorded at biannual study examinations and an exit visit. During up to 5.2
years of follow-up and a total of 28,322 person-years, 206 incident AF cases occurred; 88 in the
intensive BP lowering arm and 118 in the standard BP lowering arm. Intensive BP lowering was
associated with a 26% lower risk of developing new AF (hazard ratio= 0.74; 95% confidence
interval, 0.56 to 0.98; p-value =0.037). This effect was consistent among pre-specified subgroups
of SPRINT participants stratified by age, sex, race, SBP tertiles, prior CVD, and prior chronic
kidney disease when interactions between treatment effect and these subgroups were assessed
using Hommel-adjusted p-values. In conclusion, intensive treatment to a target of SBP <120 mm
Hg in patients with hypertension at high risk of CVD has the potential to reduce the risk of AF.

Clinical Trial Registration: ClinicalTrials.gov NCT01206062
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INTRODUCTION

Hypertension is the most common modifiable risk factor for atrial fibrillation (AF). More
than one-fifth of the new AF cases are due to hypertension (1), and each 20 mm Hg increase
in systolic blood pressure (SBP) is associated with a 21% higher risk of AF (2). Because of
the close relationship between high SBP and AF, hypertension has been one of the key
components in all AF risk prediction scores (3-5). The coexistence of hypertension with AF
in about 60-80% of patients with permanent AF led to the emerging argument that AF
should be considered as another manifestation of hypertensive target organ damage (6).

Several epidemiologic studies have shown that systolic BP (SBP) at levels previously
considered as pre-hypertension or high normal (130-139 mm Hg) are also associated with
increased risk of AF, compared with normal SBP (<120 mm Hg) (7-10). These findings
suggest that intensive control of BP targeting SBP <120 mm Hg may result in further
lowering in AF risk among patients with hypertension. However, evidence is yet to be
established from randomized controlled trials to support this suggestion. In the ACCORD
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BP trial (Action to Control Cardiovascular Risk in Diabetes BP trial) study, the association
between intensive BP lowering (targeting SBP <120 mm Hg) and incident AF failed to reach
statistical significance in patients with hypertension and diabetes mellitus (11). On the other
hand, in the Cardio-Sis trial (Controllo della Pressione Arteriosa Sistolica trial) lowering
SBP to a target of <130 mm Hg (versus a target of <140 mm Hg) resulted in a significant
reduction in AF incidence in patients with hypertension without diabetes (12). Therefore, it
remains uncertain whether intensive BP lowering to a target of SBP <120 mm Hg results in
further lowering of the risk of AF in patients with hypertension. We utilized data from the
SPRINT trial (the Systolic Blood Pressure Intervention Trial) to fill this gap in knowledge.

METHODS

The electrocardiographic data that support the findings of this study are available from the
corresponding author upon reasonable request. Investigators interested in obtaining other
SPRINT data may utilize the NHLBI BioLINCC repository.

Study Population and Design

The design, processes, and rationale of the SPRINT trial have been published previously
(13, 14). Briefly, SPRINT was conducted at 102 clinical sites organized into five clinical
center networks in the United States. Inclusion criteria included 50 years of age or older, a
SBP between 130 and 180 mm Hg at the screening visit and an increased risk of
cardiovascular disease events defined as history of clinical or subclinical cardiovascular
disease, chronic kidney disease, a 10-year cardiovascular disease risk >15% estimated by the
Framingham general cardiovascular disease risk score, or an age =75 years. Participants with
type 2 diabetes mellitus, symptomatic heart failure within 6 months of enrollment or ejection
fraction <35%, or prior stroke were excluded. Details about the inclusion and exclusion
criteria applied in the SPRINT trial have been published previously (13).

A total of 9,361 participants were enrolled in SPRINT between November 2010 and March
2013, of whom 4,683 were randomized to an SBP target of <140 mm Hg (standard treatment
arm), and 4,678 participants were randomized to <120 mm Hg (intensive treatment arm).
The standard treatment arm protocol intended to achieve SBP in the range of 135 t0139 mm
Hg by downward titration of medication if the SBP was less than 135 mm Hg.
Randomization was stratified by clinical site. The SPRINT intervention was stopped early
after a median follow up of 3.26 years because of a 25% reduction in the primary composite
cardiovascular disease endpoint and a 27% reduction in all-cause mortality in the intensive
treatment group. For the purpose of this analysis, we excluded participants with missing or
uninterpretable baseline ECG data, with baseline AF, or without follow-up ECG. After all
exclusions, 8,022 participants remained and included in the analysis (Figure 1). The study
was approved by the institutional review board at each participating site, and written
informed consent was obtained from all participants.

Ascertainment of AF

AF was ascertained from standard 12-lead ECG tracings obtained at baseline, year 2, year 4,
and at a close-out visit. Digital ECG data were recorded using a GE MAC 1200
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electrocardiograph (GE, Milwaukee, Wisconsin) at 10 mm/mV calibration and a speed of 25
mm/s. ECG reading was performed centrally at the Epidemiological Cardiology Research
Center (EPICARE), Wake Forest School of Medicine, Winston-Salem, North Carolina by
staff blinded to the treatment assignment. All ECG tracings were initially inspected visually
for technical errors and inadequate quality before being automatically processed using GE
12-SL Marquette version 2001 (GE, Milwaukee, Wisconsin). ECG abnormalities, including
AF, were classified using the standards of the Minnesota ECG Classification (15). For the
purpose of this analysis, all ECGs which were automatically classified as AF were visually
confirmed by the SPRINT ECG Reading Center staff. Also, all ECGs with Minnesota ECG
Classification codes that suppress the detection of AF were reviewed to ensure the inclusion
of all AF cases. That is to say, ECGs with Minnesota ECG codes for conditions such as
ventricular pacemaker that take priority in reporting according to the rules of the Minnesota
ECG classification and subsequently can mask detection of AF were reviewed to ensure the
inclusion of all AF cases.

Other Study Measurements

Demographic data were collected at baseline before randomization. Details of the
assessment of BP, the adjustment of medication doses, and antihypertensive drug regimens
during the trial were published previously (14). Briefly, at each visit, trained clinical staff
used an automated BP device (Omron-HEM-907 XL) to measure BP. Standardized BP
procedures included measuring BP early in the visit and not following stressful exam
components such as blood draws, proper positioning of the participant in a chair with back
support, and adequate cuff size determination.

Statistical Analyses

RESULTS

We used Cox proportional hazards regression to compare the time to the first occurrence of
AF in those without baseline AF. The clinical site at randomization was used as a
stratification factor as for the primary SPRINT results (13). Follow-up time was censored at
the date of the last ECG or death. Interactions between treatment effect and SPRINT pre-
specified subgroups (age (<75 vs. =75 years), sex, race (black vs. non-black), SBP tertiles
(=132, >132 to <145, =145 mm Hg), prior cardiovascular disease, and prior chronic kidney
disease (defined as an estimated glomerular filtration rate of less than 60 ml per minute per
1.73 m? of body-surface area) were assessed with a likelihood-ratio test for the interaction
with the use of Hommel-adjusted (16) p values. There was no evidence that the proportional
hazards assumption was violated. All p-values reported were 2-sided, and statistical
significance threshold was chosen as 5%. Statistical analyses were performed using SAS
version 9.4 (SAS Institute Inc., Cary, NC).

A total of 8,022 participants (mean age 68 (£9) years, 35.5% women, and 31.6% black)
were included in the analysis; 4,003 in the intensive BP lowering arm and 4,019 in the
standard BP lowering arm (Figure 1). The baseline characteristics are presented in Table 1.
There were no significant differences between the treatment arms.
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SPRINT participants were followed for up to 5.2 years (median, 3.8 years), contributing to
28,322 person-years of follow-up. A total of 206 incident AF cases occurred during follow
up. Among those who had more than one follow-up ECG after developing AF (n=77), 55
(71.4%) showed AF in all subsequent follow-up ECGs while the rest (n=22; (28.6%))
converted to sinus rhythm. In the intensive BP arm there were less incident AF cases than
the standard arm; 88 incident AF cases compared with 118 in the standard arm (hazard
ratio=0.74, 95% confidence interval: 0.56 to 0.98, P=0.037) (Table 2). This effect was
consistent among SPRINT pre-specified subgroups when interactions between treatment
effect and these subgroups were assessed using Hommel-adjusted p-values. Figure 2 shows
the unadjusted comparison of the effect of intensive vs. standard BP lowering on the risk of
incident AF in each of the pre-specified subgroups.

DISCUSSION

In this analysis from the SPRINT trial, which recruited participants who were at increased
risk of cardiovascular disease, we showed that intensive BP control targeting SBP <120 mm
Hg resulted in a lower risk of AF. About 46% of the United States adults have high BP, and
up to 6.1 million suffer from AF (17). These high rates and the strong relationship between
high BP and AF highlight the importance of AF prevention in patients with hypertension. In
the absence of specific drug therapies as primary AF prevention in patients with
hypertension, management of risk factors is of utmost importance. Hypertension is not only
the most common, but also the most important modifiable AF risk factor given the
magnitude of AF risk associated with high BP (1, 2, 18, 19). This underscores the relevant
clinical and public health implications of our findings.

In the main SPRINT results, intensive BP lowering was associated with a 25% reduction in
composite cardiovascular events and a 27% reduction in all-cause mortality (13). These
results formed the basis for the current hypertension guidelines which suggested lower levels
of BP for the definition of normal BP and hypertension compared to prior guidelines (20).
Our study showing a 26% lower risk of AF rates in the SPRINT participants randomized to
the intensive arm adds further evidence to the benefits of BP lowering beyond the previous
standards of <140 mm Hg (20). Further studies may be needed, however, to examine
whether the favorable impact of intensive BP lowering on the risk of AF also reduces the
downstream complications of AF such as stroke, heart failure, and myocardial infarction
(21-23). Also, a bidirectional relationship between AF with heart failure has been reported
(24). Examining the impact of the temporal relation between heart failure and AF on the
observed treatment effect on AF incidence may be warranted. However, due to the relatively
small number of individual cardiovascular outcomes in SPRINT, we could not address these
questions.

In our subgroup analysis, we observed a more favorable effect of intensive BP on AF risk in
blacks than in non-blacks using unadjusted p-value for interaction, which became non-
significant after using Hommel adjusted p-value for interaction. We realize that subgroup
analyses should be interpreted with caution, and we cannot rule out that the observed
differences by race could be due to chance only. However, given the established racial
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differences in both hypertension (25) and AF (26), this finding may warrant further
investigation.

The pathophysiological basis for AF in hypertension is complex and not entirely clear.
Hypothesized mechanisms involve several hemodynamic and neurohormonal factors
interacting with each other. Left ventricular stress (LV) stress due to pressure overload, and
higher levels of angiotensin |1, aldosterone, norepinephrine, and inflammation are believed
to play key roles in promoting retrograde left atrial stretching and structural remodeling
which serves as a substrate for AF development (18). In contrast, normal levels of BP are
associated with less strain on the LV and better LV emptying, and thus prevent functional
and structural left atrial abnormalities, and potentially lower the risk of AF (19). These
observations may explain the increased risk of AF in individuals with SBP levels higher than
120 mm Hg (7-10), and the benefits of intensive control of SBP we observed in our study.

It is possible that the improvement in AF risk among SPRINT participants randomized to the
intensive BP arm in our study was mediated by a favorable impact of the intensive BP
lowering on atrial remodeling. BP control before the occurrence of atrial remodeling is
needed to prevent hypertension-related AF (6). Also, in a prior report from the ACCORD BP
trial we showed that intensive BP control resulted in a lower risk of development of new
ECG markers of left atrial abnormities indicating a favorable impact on atrial remodeling
(11). These markers of atrial remodeling were strongly associated with AF in the ARIC
(Atherosclerosis Risk in Communities) study (27).

To our knowledge, our current analysis is the first evidence from a randomized controlled
trial in support of the benefit in reduction of AF risk as a result of aggressive BP lowering
<120 mm Hg, compared to standard BP lowering <140 mm Hg. The two previous trials that
tried to address this question did not have enough statistical power (11) or used higher SBP
levels (12). In the ACCORD BP trial, which has a sample size of less than half of the
SPRINT and included participants with both hypertension and diabetes, the effect of
intensive BP lowering on AF risk did not reach statistical significance due to lack of
statistical power (11). On the other hand, in the Cardio-Sis trial, which included 1111
patients with hypertension without diabetes mellitus, a lower risk of AF was observed in the
intensive BP arm (Hazard ratio=0.46, 95% confidence interval 0.22 to 0.98; p-value 0.04).
However, the comparison was between a higher target of SBP lowering (SBP<130 mm Hg)
to a standard BP lowering (SBP goal <140 mm Hg) (12). Other reports addressing this
question were from previously collected randomized clinical trials that did not randomize
patients to different SBP control groups (8, 28).

Our study has limitations. SPRINT was a treatment strategy trial; it examined the effect of
different levels of SBP rather than the effect of individual drugs. Therefore, we could not
examine the impact of individual BP medications or the address the potential for higher
doses in the intensive arm. It is possible that some paroxysmal and intermittent AF cases
were not detected in SPRINT since we did not use long-term ECG recording. However, any
misclassification should have impacted both arms equally. Our findings may not be
applicable to hypertension patients not included in SPRINT such as those with diabetes
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mellitus or prior stroke, and those at lower risk for cardiovascular disease. Our study has
several strengths that are worth mentioning as well, including the clinical trial design with
random treatment assignment, large sample size, racially diverse population, representation
of women, a large proportion of participants over 75 years old, achievement and
maintenance of the intended differences in SBP between arms throughout the study,
standardized data collection, and centralized, blinded ECG reading

Perspectives

Our results suggest that intensive treatment to a target SBP of <120 mm Hg, compared to a
target SBP of <140 mm Hg, in patients with hypertension has the potential to reduce the risk
of AF. Nevertheless, further studies are needed to examine whether this favorable impact of
intensive BP lowering on the risk of AF also reduces the downstream complications of AF
such as stroke, heart failure, myocardial infarction. Examining the long-term effect of
intensive BP strategy on AF risk may also be needed since it is unclear whether intensive BP
prevented AF or just delayed its onset.
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Novelty and Significance:
What Is New

. This is the first evidence from a randomized controlled trial in support of the
benefit in the reduction of AF risk as a result of aggressive blood pressure
lowering <120 mm Hg, compared to standard blood pressure lowering <140
mm Hg.

What Is Relevant?

. These results add further evidence to the benefits of intensive blood pressure
lowering shown in the results of the main SPRINT trial which formed the
basis for the current hypertension guidelines.
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Summary

In this analysis from the SPRINT randomized-controlled clinical trial, we found that a
strategy targeting a systolic blood pressure lowering to less than 120 mm Hg resulted in a
26% lower risk of incident atrial fibrillation, compared to a strategy targeting a systolic
blood pressure of less than 140 mm Hg.
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9361 underwent randomization in SPRINT

| l

4,683 randomized to standard treatment
(target SBP < 140 mmHg)

4,678 randomized to intensive treatment
(target SBP < 120 mmHg)

. 4 A 4
Exclusions (n=675): Exclusions (n=664):
66 missing baseline ECG 72 missing baseline ECG
533 no follow up ECG data 541 no follow up ECG data
76 with baseline prevalent AF 51 with baseline prevalent AF

A 4 A 4
4,003 remained and included in the 4,019 remained and included in the
analysis (intensive treatment arm) analysis (standard treatment arm)

Figure 1:
Inclusions and exclusions of the participants included in the analysis

ECG= electrocardiogram; AF= atrial fibrillation
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Subgroup Intensive Treatment  Standard Treatment Hazard Ratio p-value for
Q500 () dence .
evenis/participants events/participants (95% Confidence Interval)  Interaction
Overall 88/4003 118/4019 e 0.74(0.56, 0.98) N/A
Prior CKD 0.14
No 49/2880 802950 —i— 0.61(0.42,0.88)
Yes 39/1123 381069 —— 1.07(0.68, 1.70)
Age 034
<75 years 382919 602933 —— 063(041,095)
=75 years 50/1084 58/1086 — 080053,1.19)
Sex 0.33
Female 27/1436 28/1409 —— 0.93(0.54, 1.60)
Male 6112567 9012610 —— 0.70(0.50, 0.97)
Race 0.04
Black 51242 2001291 —_— 0.29(0.11,079)
Non-black 8312761 982728 —1- 0.82(0.61,1.10)
Prior CVD 0.33
No 60/3224 74/3234 — 0.80{0.57,1.14)
Yes 28779 44/T85 ——t 0.62{0.37,1.05)
Systolic BP 0.18
<132 mm Hg 23/1366 431319 —— 0.48(0.29, 0.82)
=132 to <145 mm Hg 29/1281 3171353 —_ 0.93(0.55,1.58)
=145 mm Hg 36/1356 44/1347 et 0.80(0.50, 1.28)
r - !
01 05 10 20
-—
Intensive Trealment Better  Standard Treatment Batter
Figure 2:

Effect of intensive BP lowering on the risk of incident AF in pre-specified subgroups

BP= blood pressure; AF= atrial fibrillation; CKD= chronic kidney disease, CVD=
cardiovascular disease

*p-values listed are unadjusted.
tBlack race includes Hispanic black and black as part of a multiracial identification.

Hommel-adjusted p-value for race is 0.24
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Table 1
Baseline characteristics
Characteristics” Total Intensive Arm  Standard Arm
(n=8,022) (n=4,003) (n=4,019)

Age (years) 67.74£9.2 67.7+£9.2 67.749.3
Age >75 years 2170 (27.1) 1084 (27.1) 1086 (27.0)
Sex (women) 2845 (35.5) 1436 (35.9) 1409 (35.1)
Black race’ 2533 (31.6) 1242 (31.0) 1291 (32.1)
Smoking

Former smoker 3396 (42.3) 1684 (42.1) 1712 (42.6)

Current smoker 1043 (13.0) 534(13.3) 509 (12.7)
Body mass index (kg/m?) 29.9 (5.7) 29.95(5.8) 29.8(5.7)
Systolic BP (mm Hg) 139.6+155  139.5+15.7 139.6215.3
Diastolic BP (mm Hg) 78.1+11.8 78.2+11.8 78.1+78.1
Systolic BP tertiles

<132 mm Hg 2685 (33.5) 1366 (34.1) 1319 (32.8)

>132 to <145 mm Hg 2634 (32.8) 1281 (32.0) 1353 (33.7)

>145 mm Hg 2703 (33.7) 1356 (33.8) 1347 (33.5)
Number of BP medications 1.8 (1.0 1.84 (1.0) 1.81(1.0)
Not using BP medications 775 (9.7) 374 (9.3) 401 (10.0)
Serum creatinine (mg/dL) 1.07+0.34 1.07£0.34 1.07+0.33
Urine albumin/creatinine (mg/g)  37.2+125.4 38.3+132.4 36.1+118.1
Chronic kidney disease’” 2192 (27.3) 1123 (28.1) 1069 (26.6)
Total cholesterol (mg/dL) 190.1+41.2 190.7+41.7 190.4+40.8
HDL- cholesterol (mg/dL) 52.9+14.4 52.9+14.3 52.9+14.5
Triglycerides (mg/dL) 126.4+91.5 126.3+88.3 126.4+93.7
Fasting plasma glucose (mg/dL)  98.8+13.4 98.9+13.6 98.7+13.1
Prior cardiovascular disease 1564 (19.5) 779 (19.5) 785 (19.5)

BP= blood pressure; e-GFR= estimated glomerular filtration rate (mI/min/1.73m2); HDL-= high density lipoprotein
*

Data are presented as number (%) or mean + standard deviation. No significant differences (P<0.05) between the treatment arms
7‘Black race includes Hispanic black and black as part of a multiracial identification. Race and ethnic group were self-reported

ﬁDefined as baseline estimated glomerular filtration rate <60 mi/min/1.73m2
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Table 2

Effect of intensive versus standard BP lowering on incident AF in SPRINT

Treatment arm Participants  Events Event rate HR (95% CI)  p-value
(n) (n) (1000 person-years)
Intensive BP lowering 4003 88 6.21

0.74 (0.56,0.98)  0.037
Standard BP lowering 4019 118 8.33

*
Clinical site at randomization was used as a stratification factor

AF= atrial fibrillation; BP= blood pressure; HR (95% CI) = hazard ratio (95% confidence interval)
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