
ORIGINAL ARTICLE AOBPM heart rate and cardiovascular risk 1

1.38 (95% CI, 1.03–1.85), 1.49 (95% CI, 1.1–2.00), 
and 1.98 (95% CI, 1.64–2.38), respectively, as 
compared with participants with HR in the low‑
est quintile.5 In both LIFE and VALUE studies, HR 
was measured using an electrocardiogram (ECG).

Although ECG most accurately determines HR, 
some trials also assessed the relationship between 
HR and cardiovascular events, when HR was con‑
sidered to be equivalent to the pulse rate obtained 
during blood pressure (BP) measurements.6

Additionally, HR obtained during office BP 
measurement (OBPM) or 24 ‑hour ambulatory 
BP monitoring (ABPM) is associated with cardio‑
vascular outcomes. Based on a large dataset from 
the Spanish Ambulatory Blood Pressure Registry, 
Böhm et al7 inferred that increased HR measured 

INTROduCTION Elevated heart rate (HR) is as‑
sociated with increased cardiovascular morbidity 
and mortality in the general population and pa‑
tients previously diagnosed with cardiovascular 
disease (CVD).1-3 A post hoc analysis of data from 
the LIFE (Losartan Intervention For End point) 
study revealed that a 10 bpm increase in HR re‑
sults in a 16% increase in the risk of cardiovascu‑
lar death and 25% higher risk of all ‑cause mortal‑
ity.4 In the post hoc analysis of the VALUE (Val‑
sartan Antihypertensive Long ‑term Use Evalu‑
ation) trial, participants with HR in the high‑
est quintile had a higher risk for heart failure 
(HF), sudden cardiac death, myocardial infarc‑
tion (MI), stroke, and all ‑cause mortality by 1.93 
(95% CI, 1.45–2.55), 1.49 (95% CI, 0.97–2.28), 

ORIGINAL ARTICLE

The influence of elevated heart rate assessed by 
automated office blood pressure measurement 
on the risk of cardiovascular events

Piotr Sobieraj, Maciej P. Siński, Jacek Lewandowski
Department of Internal Medicine, Hypertension and Vascular Diseases, Medical University of Warsaw, Warsaw, Poland

Correspondence to:
Jacek Lewandowski, MD, PhD, 
Department of Internal Medicine, 
Hypertension and Vascular 
Diseases, Medical University 
of Warsaw, ul. Żwirki i Wigury 
61, 02-091 Warszawa, Poland, 
phone: +48 22 599 28 28, email: 
jacek.lewandowski@wum.edu.pl
Received: August 1, 2022.
Revision accepted: 
November 7, 2022.
Published online: January 5, 2023.
Pol Arch Intern Med. 2023; 
133 (3): 16398
doi:10.20452/pamw.16398
Copyright by the Author(s), 2023

KEy wORds

arterial hypertension, 
blood pressure 
measurement, 
cardiovascular risk 
factor, heart rate

AbsTRACT

INTROduCTION The predictive value of heart rate (HR) assessed using an automated office blood pres‑
sure measurement (AOBPM) remains unknown.
ObjECTIvEs This study aimed to determine the impact of AOBPM HR on the risk of cardiovascular 
events in hypertensive patients with and without prior cardiovascular disease (CVD).
PATIENTs ANd mEThOds Data of 9361 participants of the Systolic Blood Pressure Intervention Trial 
(median follow ‑up, 3.26 years) were used to perform a post hoc analysis based on baseline AOBPM HR 
levels (<50, 50–60, 60–70, 70–80, and >80 bpm). Clinical composite end point (CE) was defined as 
myocardial infarction (MI), acute coronary syndrome other than MI, heart failure exacerbation, stroke, 
or cardiovascular death. Cardiovascular ‑related and all ‑cause mortalities were also evaluated.
REsuLTs A total of 1877 participants with and 7484 individuals without CVD were included. Those 
with higher baseline HR were less frequently men and more often smokers, had higher body mass index 
and estimated glomerular filtration rate, lower baseline systolic blood pressure, and higher diastolic 
blood pressure. No differences were observed in the CE frequency, its components, and all ‑cause death 
between the baseline HR groups. Elevated HR (>70 bpm) was associated with a higher risk of CE, MI, 
and cardiovascular death in a multivariable Cox model. Moreover, the model determining the MI risk 
showed a J ‑shaped relationship with HR and a significant interaction term (P = 0.049) between HR 
and CVD history.
CONCLusIONs High AOBPM HR is associated with a higher risk of cardiovascular events and mortality, 
whereas low HR may result in higher MI risk in patients with previous CVD.
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cardiovascular or chronic kidney disease histo‑
ry or the Framingham risk score for 10 ‑year car‑
diovascular risk above 15%. The individuals with 
a history of a stroke or diabetes were not enrolled.

Among the 9361 study participants, 1877 
(20.1%) previously had clinical or subclinical 
CVD. In the SPRINT study, prior clinical CVD 
was recognized when a participant had a history 
of at least 1 of the following: previous MI, percu‑
taneous coronary intervention, coronary artery 
bypass grafting, carotid endarterectomy, carotid 
stenting, peripheral artery disease with revascu‑
larization, acute coronary syndrome with or with‑
out resting ECG changes, ECG changes on a grad‑
ed exercise test, positive cardiac imaging study, 
at least a 50% diameter stenosis of a coronary, 
carotid, or lower extremity artery, and abdomi‑
nal aortic aneurysm of at least 5 cm in diameter 
with or without repair. Subclinical CVD was iden‑
tified if coronary artery calcium score was at least 
400 Agatston units within the past 2 years, ankle‑
‑brachial index was equal to or below 0.90 with‑
in the past 2 years, or left ventricular hypertro‑
phy was diagnosed based on ECG (computer read‑
ing), echocardiogram report, or other cardiac im‑
aging procedure reports within the past 2 years.

The median follow ‑up period for the SPRINT 
participants was 3.26 years.

Our analysis was approved by the  Ethics 
Committee at the Medical University of Warsaw 
(AKBE/115/2019).

heart rate measurement Both HR and BP during 
the SPRINT were measured using an automated 
office system (Model 907, Omron Healthcare, 
Kyoto, Japan), 3 times per visit at 1 ‑minute in‑
tervals and after 5 minutes of rest. The mean of 
3 measurements was calculated.

The first available (randomization visit) HR, 
SBP, and diastolic blood pressure (DBP) measure‑
ments were identified as baseline values. Mean 
in ‑trial indices were computed as a mean of each 
parameter measurement available during the tri‑
al. The analysis was performed in association with 
HR, defined as below 50, 50–60, 60–70, 70–80, 
and above 80 bpm.

study outcome The clinical composite end point 
(CE) was identified as the primary outcome in 
the SPRINT and defined as MI, acute coronary 
syndrome other than MI, exacerbation of HF, 
stroke, or cardiovascular death. MI and cardio‑
vascular death risk were also evaluated. Other 
individual CE and all ‑cause death components 
were also analyzed.

statistical analysis All continuous variables were 
expressed as mean (SD) or median and interquar‑
tile range (IQR), depending on the distribution. 
All discrete variables were expressed as number 
and percentage. The t test, the Wilcoxon test, 
analysis of variances, the Kruskal–Wallis or χ2 

test were employed for within ‑group comparison, 
depending on the number of compared groups 

during OBPM is associated with an elevated risk 
for all ‑cause and cardiovascular death. Similarly, 
elevated HR recorded using ABPM over 24 hours, 
activity, and night ‑time rest periods were factors 
associated with increased risk of all ‑cause death or 
cardiovascular death.7 Interestingly, the authors 
found that office HR was higher than the mean 
24 ‑hour HR; however, no relevant difference be‑
tween the office and mean day HR was observed.

Some data also indicated that HR measured 
during home BP monitoring (HBPM) in partic‑
ipants without significant arrhythmias is asso‑
ciated with an increased risk of cardiovascular 
events.8 Using data from the Ohasama study, 
Hozawa et al8 showed that increased HR mea‑
sured during HBPM is associated with higher 
cardiovascular mortality independently from 
HBPM values.

Current evidence supporting the use of HR 
measured during automated office blood pressure 
measurements (AOBPM) to predict cardiovascular 
events is lacking. AOBPM is an increasingly used 
and promising method for BP evaluation.9,10 Due 
to multiple, unattended BP measurements and 
less susceptibility to white ‑coat effects, AOBPM 
is believed to provide lower BP levels than tradi‑
tional OBPM.11 To our knowledge, HR assessed 
using AOBPM has not yet been compared with 
the values obtained using other measurement 
methods; however, the assumption that AOBPM 
provides the same values might not be justified. 
Therefore, this study aimed to examine the im‑
pact of HR assessment with AOBPM on the risk 
of cardiovascular events in participants with and 
without prior CVD diagnosis.

PATIENTs ANd mEThOds data source The study 
is a post hoc analysis of data obtained from 
the SPRINT (Systolic Blood Pressure Interven‑
tion Trial), a randomized, multicenter trial, show‑
ing that lowering of systolic BP (SBP) to the in‑
tensive target (<120 mm Hg) in comparison with 
the standard goal (<140 mm Hg) is associated 
with reduced risks of cardiovascular events (haz‑
ard ratio, 0.75; 95% CI, 0.64–0.89; P <0.001). 
The study methodology and results are widely 
described and published elsewhere.12

Only individuals at a high risk for cardio‑
vascular events were eligible to participate in 
the SPRINT. The SPRINT participants were old‑
er than 50 years, had BP of 130–180 mm Hg, and 

whAT’s NEw?

We showed that heart rate (HR) above 70 bpm assessed using an automated 
office blood pressure measurement (AOBPM) is associated with an increased 
risk of cardiovascular events in individuals with and without a prior diagnosis 
of cardiovascular disease. When AOBPM is used to estimate HR, an increased 
risk of cardiovascular events is observed at lower HR values than currently 
suggested. Although high HR is related to elevated risk of cardiovascular 
events, the risk for myocardial infarction may be increased in patients with 
prior cardiovascular disease and low HR values.
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The participants with a history of CVD also 
had lower baseline HR, SBP, and DBP than those 
without prior CVD diagnosis. During the trial, CE 
events were more than twice more common in 
the participants with than without a CVD histo‑
ry (10.9% vs 4.8%). All individual components of 
CE were also more commonly recorded when CVD 
was present at baseline. The participants with pri‑
or CVD had also lower in ‑trial HR and DBP than 
those without prior CVD diagnosis, whereas in‑
‑trial SBP was similar in both groups. More indi‑
viduals with prior CVD diagnosis than without 
CVD received treatment with β ‑blockers at base‑
line (60.4% vs 29.3%; P <0.001). There was no dif‑
ference in the use of nondihydropyridine calci‑
um channel blockers (eg, diltiazem or verapamil) 
between the groups (5.1 vs 5.2%; P = 0.76, re‑
spectively). Only 1 person received digoxin at the 
study beginning and had prior CVD. In FIGuRE 1 
the distribution of baseline HR in the partici‑
pants with and without a history of CVD disease 
is presented. Lower values and closer to the cen‑
tral value distribution of baseline HR in the par‑
ticipants with prior CVD (FIGuRE 1) are probably as‑
sociated with extensive use of HR lowering drugs 
(β ‑blockers) in this group.

A detailed comparison of the SPRINT partic‑
ipants based on a history of CVD is presented 
in TAbLE 1.

Clinical characteristics of the study group in relation 
to baseline heart rate Most participants with pri‑
or CVD had baseline HR of 50 to 60 bpm and 60 
to 70 bpm, whereas those without a history of 
CVD had baseline HR of 60 to 70 bpm and 70 to 
80 bpm (TAbLE 2).

In the participants with and without a histo‑
ry of CVD, those with the higher baseline HR 
were younger, less likely men, more often black, 
more often smokers, had higher body mass in‑
dex (BMI), higher estimated glomerular filtra‑
tion rate (eGFR), lower creatinine concentration, 
and higher total cholesterol concentrations than 
those with the lower HR. They were also less of‑
ten on statin or acetylsalicylic acid treatment, 
had lower baseline SBP and higher baseline DBP. 
No difference was observed in the in ‑trial SBP, 
although the participants with higher HR had 
higher in ‑trial DBP and HR. No differences were 
observed in CE or its components or all ‑cause 
death between the groups based on baseline HR.

The relationship between heart rate and cardiovas-
cular event risk Event rates of CE, MI, and CVD 
death were evaluated based on the presence of 
CVD at baseline and baseline HR (FIGuRE 2). In 
the participants both with and without CVD his‑
tory, the annual event rate of CE was the high‑
est with HR values ranging from 70 to 80 bpm. 
Similarly, when HF events and cardiovascular 
deaths were considered, the highest event rate 
was observed at HR of 70 to 80 bpm. The high‑
est event rate for MI was observed in the partic‑
ipants with prior CVD and HR below 50 bpm. In 

and variable characteristics. The Cox proportion‑
al models supported by restricted cubic splines 
were used to establish a nonlinear relationship 
between HR and the measured outcome of risk 
events. The interaction term representing the cu‑
bic spline was incorporated into the Cox model in‑
cluding also age, sex, SBP, current smoking status, 
allocation to the study treatment arm, black race, 
statin use, aspirin use, total cholesterol concen‑
tration, glucose concentration, and the estimated 
glomerular filtration rate. The number of spline 
knots was selected based on the lowest Akaike In‑
formation Criterion. In order to prepare the plots 
presenting the relationship between the hazard 
ratio and HR, we assumed that for HR equal to 
65 bpm the risk is 1. The analysis was performed 
using R 4.1.0 (R Foundation for Statistical Com‑
puting, Vienna, Austria) for environmental sta‑
tistical computing. Survival, survminer, and RMS 
packages were used.

data availability statement Access to the SPRINT 
data was granted by the National Heart Lung and 
Blood Institute (NHLBI) for the current analysis 
(Accession number: HLB02021921a). Neverthe‑
less, this manuscript does not necessarily reflect 
the opinions or views of the SPRINT Research 
Group or NHLBI. The SPRINT data are available 
upon reasonable request from NHLBI via Biologic 
Specimen and Data Repository Information Co‑
ordinating Centre. The authors have no right to 
share the data.

REsuLTs Comparison of participants with and with-
out prior cardiovascular disease Among the 9361 
SPRINT participants, 1877 had prior CVD. They 
were older and more commonly men, smok‑
ers, and had a history of chronic kidney disease 
more often than those without CVD diagnosis 
at baseline.

FIGuRE 1  Distribution of heart rate (HR) values in the participants with and without 
cardiovascular disease (CVD)
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history was nonsignificant in relation to the CE 
risk (P = 0.76), stroke (P = 0.51), HF exacerbation 
(P = 0.37), cardiovascular death (P = 0.12), and 
total death (P = 0.20). However, the interaction 
term was significant when the risk of MI was an‑
alyzed (P = 0.049).

FIGuRE 3 presents hazard ratio plots against base‑
line HR from the models including age, sex, race, 
baseline SBP, baseline HR, current smoking sta‑
tus, allocation to intensive treatment arm, statin 
treatment, use of aspirin, total cholesterol, se‑
rum glucose concentration, and eGFR to predict 
CE, MI, and CVD death. Similar plots showing 
the risk of acute coronary syndromes other than 
MI, stroke, HF exacerbation, and total death are 
presented in Supplementary material, Figure S2.

To depict the relationship between baseline 
HR and CE, MI, and cardiovascular death, 3 ad‑
ditional proportional hazard models were creat‑
ed. We assessed the impact of baseline HR high‑
er than 70 bpm on the risk of CE and cardiovas‑
cular death in Model A and Model C, respective‑
ly (TAbLE 3). Due to increasing risk of MI at low‑
er baseline HR values, especially pronounced in 
the participants with prior CVD, Model B included 
also baseline HR lower than 60 bpm. All the mod‑
els were adjusted for age, sex, race, renal function, 
history of CVD, smoking status, baseline SBP, al‑
location to intensive treatment arm, statin or 
aspirin treatment, total cholesterol, and serum 
glucose. In Models A and C, baseline HR above 
70 bpm was associated with increased risk of CE 
or cardiovascular death, as compared with base‑
line HR up to 70 bpm (hazard ratio, 1.32; 95% CI, 
1.1–1.58; P = 0.003 and hazard ratio, 1.9; 95% CI, 
1.24–2.9; P = 0.003, respectively). As for the risk 
of MI, we showed that baseline HR lower than 
60 bpm and higher than 70 bpm was associated 
with increased risk in comparison with HR with‑
in the range of 60 to 70 bpm, by 1.41 with 95% CI 
of 1.01–1.97 (P = 0.045) and by 1.42 with 95% CI 
of 1–2.02 (P = 0.05), respectively.

dIsCussION This is the first study to show that 
elevated HR assessed using AOBPM is associated 
with a higher risk of cardiovascular events in par‑
ticipants with and without prior CVD. Addition‑
ally, an elevated risk for MI is present especially 
in the participants with prior CVD and low HR.

The negative impact of increased HR on car‑
diovascular events confirms previous study re‑
sults.1-3. However, it is worth paying attention 
to this risk factor, especially since the topic of 
HR control in the treatment of arterial hyper‑
tension has returned in recent years. For exam‑
ple, in a recent trial of 3463 patients in China, 
observed for 2.3 years, increased HR was found 
to be an independent risk factor for peripheral 
artery disease development.13 In another recent 
study,14 it was concluded that elevated HR (mea‑
sured using ECG) is associated with incident HF 
in people with hypertension but without prior 
CVD (eg, HF, MI, stroke). The authors showed 
that HR higher than 79 bpm is associated with 

the individuals without prior CVD, the event risk 
rose together with growing HR values. The event 
rates of acute coronary syndromes other than 
MI, stroke, HF exacerbation, and total death are 
presented in Supplementary material, Figure S1.

In the Cox proportional hazard model includ‑
ing age, sex, race, baseline SBP, baseline HR, cur‑
rent smoking status, allocation to intensive treat‑
ment arm, statin treatment, use of aspirin, to‑
tal cholesterol, serum glucose concentration and 
eGFR, the interaction term between HR and CVD 

TAbLE 1 Comparison of participants with and without prior diagnosis of 
cardiovascular disease

Parameter Participants 
without CVD 
(n = 7484)

Participants 
with CVD 
(n = 1877)

P value

Baseline heart rate, bpm 66.9 (11.6) 63.6 (11) <0.001

Age, y 67.5 (9.4) 69.7 (9.5) <0.001

Female sex 2822 (37.7) 510 (27.2) <0.001

Black race 2482 (33.2) 465 (24.8) <0.001

Smoking 
status

Current smoker 976 (13) 264 (14.1) <0.001

Former smoker 3047 (40.7) 926 (49.3)

Never smoker 3440 (46) 682 (36.3)

BMI, kg/m2 30 (5.8) 29.4 (5.6) 0.001

Previous CKD 2002 (26.8) 644 (34.3) <0.001

eGFR, ml/min/1.73 m2 72.5 (20.6) 68.8 (20.4) <0.001

Creatinine, mg/dl 1.1 (0.3) 1.1 (0.4) <0.001

Total cholesterol, mg/dl 194.5 (39.8) 172.7 (41.8) <0.001

HDL cholesterol, mg/dl 53.5 (14.7) 50.3 (13.2) <0.001

Triglycerides, mg/dl 107 (77–151) 106 (77–147) 0.42

Serum glucose, mg/dl 98.6 (13.4) 99.5 (14.1) 0.02

On statin 2757 (37.2) 1297 (69.5) <0.001

On ASA 3341 (44.8) 1415 (75.7) <0.001

Baseline SBP, mm Hg 140 (15.5) 138.5 (15.8) <0.001

Baseline DBP, mm Hg 78.9 (11.7) 74.9 (12.3) <0.001

Mean in ‑trial SBP, mm Hg 129.5 (9.8) 129.1 (9.9) 0.11

Mean in ‑trial DBP, mm Hg 72.8 (9.1) 69.5 (9.4) <0.001

In ‑trial HR, bpm 68.2 (9.3) 64.7 (8.9) <0.001

Allocation to intensive treatment arm 3738 (49.9) 940 (50.1) 0.94

CE 357 (4.8) 205 (10.9) <0.001

MI 134 (1.8) 79 (4.2) <0.001

Acute coronary syndrome other than 
MI

37 (0.5) 43 (2.3) <0.001

Stroke 93 (1.2) 39 (2.1) 0.008

Heart failure exacerbation 101 (1.3) 61 (3.2) <0.001

Cardiovascular death 59 (0.8) 43 (2.3) <0.001

All ‑cause death 246 (3.3) 119 (6.3) <0.001

Data are presented as mean (SD), median (interquartile range), or number (percentage) 
of patients.

SI conversion factors: to convert glucose to mmol/l, multiply by 0.0555; HDL and total 
cholesterol to mmol/l, by 0.0259; triglycerides to mmol/l, by 0.113, creatinine to µmol/l, 
by 88.4.

Abbreviations: ASA, acetylsalicylic acid; BMI, body mass index; CE, composite clinical 
end point event; CKD, chronic kidney disease; CVD, cardiovascular disease; DBP, 
diastolic blood pressure; eGFR, estimated glomerular filtration rate; HDL, high ‑density 
lipoprotein; HR, heart rate; MI, myocardial infarction; SBP, systolic blood pressure
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TAbLE 2 Comparison of participants with baseline heart rate levels below 50 bpm, 50–60 bpm, 60–70 bpm, 70–80 bpm, and 80 bpm or above in 
relation to prior diagnosis of cardiovascular disease (continued on the next page)

Parameter Baseline 
HR <50 bpm

Baseline HR 
50–60 bpm

Baseline HR 
60–70 bpm

Baseline HR 
70–80 bpm

Baseline 
HR ≥80 bpm

P value

Participants with prior CVD (n = 1877)

N 131 617 614 348 167 –

Baseline HR, bpm 46.1 (2.8) 55.1 (2.8) 64.0 (2.8) 73.8 (2.8) 86.2 (6.2) <0.001

Age, y 70.9 (8.7) 71.0 (8.8) 70.4 (9.6) 67.2 (9.6) 66.2 (9.8) <0.001

Female sex 25 (19.1) 132 (21.4) 182 (29.6) 117 (33.6) 54 (32.3) <0.001

Black race 18 (13.7) 118 (19.1) 154 (25.1) 116 (33.3) 59 (35.3) <0.001

Smoking status Current smoker 9 (6.9) 77 (12.5) 74 (12.1) 69 (19.8) 35 (21) <0.001

Former smoker 76 (58) 290 (47) 322 (52.4) 158 (45.4) 80 (47.9)

Never smoker 46 (35.1) 250 (40.5) 215 (35) 120 (34.5) 51 (30.5)

BMI, kg/m2 29.3 (4.6) 29 (5.1) 29.7 (5.8) 29.7 (6.2) 30.0 (6.2) 0.02

Previous CKD 63 (48.1) 217 (35.2) 216 (35.2) 99 (28.4) 49 (29.3) 0.001

eGFR, ml/min/1.73 m2 64.3 (20) 67.8 (19.5) 68.5 (20.6) 72.4 (21.4) 69.7 (20.2) <0.001

Creatinine, mg/dl 1.19 (0.33) 1.14 (0.36) 1.12 (0.36) 1.08 (0.34) 1.14 (0.42) 0.03

Total cholesterol, mg/dl 163.2 (37.1) 165.2 (35.6) 172.3 (42.1) 183.1 (45.6) 187.5 (48.7) <0.001

HDL cholesterol, mg/dl 48.5 (11.7) 49.0 (11.8) 50.3 (13.3) 53.3 (15) 50.7 (13.6) <0.001

Triglycerides, mg/dl 100 (74.5–137) 105 (77.2–141) 104 (77–149) 105 (74.5–144) 118 (82–164) 0.13

Serum glucose, mg/dl 100.4 (12.1) 98.7 (12) 99.5 (13.7) 100 (18.5) 100.4 (14) 0.29

On statin 100 (76.9) 462 (75) 429 (70.4) 212 (61.1) 94 (57.7) <0.001

On ASA 108 (83.1) 500 (81.2) 472 (77.3) 226 (65.1) 109 (65.7) <0.001

Baseline SBP, mm Hg 140.7 (17.4) 139.2 (16.2) 138.5 (15.4) 137.6 (14.7) 136.1 (16.4) 0.004

Baseline DBP, mm Hg 67.7 (11.7) 72.2 (11.4) 75.2 (11.9) 79 (12.1) 81.3 (12.1) <0.001

Mean in ‑trial SBP, mm Hg 129.6 (10.7) 129.1 (9.7) 129.2 (10.1) 129.2 (9.7) 128.3 (9.8) 0.42

Mean in ‑trial DBP, mm Hg 64.8 (8.6) 67.3 (8.7) 69.4 (9.2) 73.1 (9.2) 74.3 (9.3) <0.001

In ‑trial HR, bpm 54.3 (6.4) 59.6 (5.6) 65 (5.7) 71.4 (6.9) 77.6 (8.3) <0.001

Allocation to intensive treatment arm 65 (49.6) 315 (51.1) 324 (52.8) 156 (44.8) 80 (47.9) 0.19

CE 19 (14.5) 61 (9.9) 70 (11.4) 36 (10.3) 19 (11.4) 0.61

MI 10 (7.6) 31 (5) 20 (3.3) 10 (2.8) 8 (4.8) 0.10

Acute coronary syndrome other than MI 2 (1.5) 12 (1.9) 15 (2.4) 9 (2.6) 5 (3) 0.87

Stroke 4 (3.05) 9 (1.5) 18 (2.9) 5 (1.4) 3 (1.8) 0.31

Heart failure exacerbation 6 (4.6) 15 (2.4) 24 (3.9) 12 (3.4) 4 (2.4) 0.50

Cardiovascular death 2 (1.5) 11 (1.8) 15 (2.4) 10 (2.9) 5 (3) 0.73

All ‑cause death 5 (3.8) 32 (5.2) 43 (7) 25 (7.2) 14 (8.4) 0.30

Participants without prior CVD (n = 7484)

N 335 1736 2566 1816 1031 –

Baseline HR, bpm 46.3 (2.9) 55.3 (2.8) 64.3 (2.8) 74.0 (2.8) 87.2 (7.2) <0.001

Age, y 70.6 (8.8) 69.5 (9.1) 67.7 (9.1) 66.2 (9.3) 64.8 (9.6) <0.001

Female sex 92 (27.5) 607 (35) 953 (37.1) 748 (41.2) 422 (40.9) <0.001

Black race 84 (25.1) 489 (28.2) 797 (31.1) 669 (36.8) 443 (43) <0.001

Smoking status Current smoker 19 (5.7) 125 (7.2) 268 (10.4) 301 (16.6) 263 (25.5) <0.001

Former smoker 166 (49.6) 793 (45.7) 1081 (42.1) 666 (36.7) 341 (33.1)

Never smoker 149 (44.5) 813 (46.8) 1209 (47.1) 843 (46.4) 426 (41.3)

BMI, kg/m2 29.2 (5.2) 29.5 (5.6) 29.9 (5.7) 30.2 (5.9) 30.65 (6.3) <0.001

Previous CKD 107 (31.9) 531 (30.6) 695 (27.1) 413 (22.7) 256 (24.8) <0.001

eGFR, ml/min/1.73 m2 67.6 (18.4) 69.9 (19.1) 72 (20.3) 75 (21.2) 75.2 (22.4) <0.001

Creatinine, mg/dl 1.13 (0.36) 1.08 (0.33) 1.06 (0.33) 1.03 (0.34) 1.05 (0.33) <0.001

Total cholesterol, mg/dl 186.7 (38.4) 188.6 (37.2) 193.7 (39) 199 (40.4) 201.2 (43.3) <0.001

HDL cholesterol, mg/dl 52.4 (12.5) 53.7 (14.1) 53.4 (14.4) 53.5 (14.7) 53.9 (17) 0.35

Triglycerides, mg/dl 95 (72–133) 101 (74–139) 106 (76–148) 113 (80–161) 114 (82–164) <0.001

Serum glucose, mg/dl 96.7 (9.9) 97.5 (11.5) 98.1 (12) 99.6 (14.5) 101 (17.5) <0.001

On statin 133 (40.1) 709 (41.2) 952 (37.5) 627 (34.7) 336 (32.9) <0.001
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a higher risk of HF, but it should be noticed that 
even lower HR (74–79 bpm) was associated with 
an elevated risk for HF (by 1.65 with 95% CI of 
1.07–2.55) after adjustment for age, sex, SBP, 
high‑density lipoprotein cholesterol, low‑densi‑
ty lipoprotein cholesterol, smoking status, alco‑
hol consumption, physical exercise, presence of 
diabetes, use of antihypertensive agents, BMI, 
and eGFR. Contrary to these results, we were 
only able to observe an increase in HF decom‑
pensation events in the individuals with prior 
cardiovascular disease (Supplementary materi‑
al, Figure S2). Moreover, in a recently published 
study from Tunisia,15 HR above 80 bpm was 
identified as an independent predictor of poor 
blood pressure control increasing the risk of car‑
diovascular events by 1.59 (95% CI, 1.48–1.71).
The method of HR measurement was not de‑
scribed in the study, however, the authors did 
not use AOBPM to assess HR.

The effect of HR in the context of lower blood 
pressure target has not been explored in the ran‑
domized clinical trial design. In our previous 
analysis,16 also based on the SPRINT study, we 
showed that despite good BP control, HR among 
the participants treated to reach an SBP goal be‑
low 120 mm Hg remained a significant risk factor. 
In addition, in this subgroup, more potent rela‑
tionship between the increased HR and cardio‑
vascular events was observed than in the group 
with less controlled blood pressure.16 With ref‑
erence to this conclusion, our finding present‑
ed here, that the risk increases even from HR 
of 70 bpm (not from 80 bpm, as indicated by 
the European Society of Cardiology [ESC] rec‑
ommendations), is of particular importance 
to the physicians. This conclusion remains in 

TAbLE 2 Comparison of participants with baseline heart rate levels below 50 bpm, 50–60 bpm, 60–70 bpm, 70–80 bpm, and 80 bpm or above in 
relation to prior diagnosis of cardiovascular disease (continued from the previous page)

Parameter Baseline 
HR <50 bpm

Baseline HR 
50–60 bpm

Baseline HR 
60–70 bpm

Baseline HR 
70–80 bpm

Baseline 
HR ≥80 bpm

P value

On ASA 179 (53.6) 837 (48.4) 1217 (47.7) 722 (39.9) 386 (37.5) <0.001

Baseline SBP, mm Hg 144.4 (16.5) 140.9 (15.7) 139.8 (15.3) 139.1 (14.9) 138.9 (16.1) <0.001

Baseline DBP, mm Hg 73.2 (11.75) 75.2 (11.2) 78.6 (11.1) 81.1 (11.3) 84.1 (11.8) <0.001

Mean in ‑trial SBP, mm Hg 131.7 (9.6) 130.1 (9.8) 129.2 (9.8) 129.2 (9.8) 129.2 (9.9) 0.0001

Mean in ‑trial DBP, mm Hg 68.7 (9.4) 70.2 (8.9) 72.4 (8.7) 74.4 (8.9) 76.6 (8.9) <0.001

In ‑trial HR, bpm 54.9 (5.9) 60.7 (5.8) 66.7 (5.8) 73.1 (6.6) 79.8 (8.4) <0.001

Allocation to intensive treatment arm 158 (47.2) 854 (49.2) 1315 (51.2) 911 (50.2) 500 (48.5) 0.40

CE 14 (4.2) 92 (5.3) 105 (4.1) 87 (4.8) 59 (5.7) 0.2

MI 4 (1.2) 37 (2.1) 38 (1.5) 29 (1.6) 26 (2.5) 0.15

Acute coronary syndrome other than MI 1 (0.3) 10 (0.6) 9 (0.4) 11 (0.6) 6 (0.6) 0.70

Stroke 4 (1.2) 21 (1.2) 25 (1) 29 (1.6) 14 (1.4) 0.48

Heart failure exacerbation 3 (0.9) 24 (1.4) 32 (1.2) 24 (1.3) 18 (1.7) 0.74

Cardiovascular death 4 (1.2) 11 (0.6) 17 (0.7) 19 (1) 8 (0.8) 0.51

All ‑cause death 12 (3.6) 56 (3.2) 72 (2.8) 57 (3.1) 49 (4.8) 0.06

Data are presented as mean (SD), median (interquartile range), or number (percentage) of patients.

SI conversion factors: see TAbLE 1

Abbreviations: see TAbLE 1

FIGuRE 2  Annual event rate of clinical composite end point event (A), myocardial 
infarction (b), and cardiovascular death (C) in the participants with and without prior 
cardiovascular disease in relation to the baseline heart rate 
Abbreviations: see TAbLE 1
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HR is known to be strongly influenced by the bal‑
ance between the sympathetic and parasympa‑
thetic nervous system activity. In the participants 
with elevated HR, higher norepinephrine concen‑
tration and increased muscle sympathetic nerve 
activity were found.19,20 The sympathetic overac‑
tivity is also a known risk factor for adverse car‑
diovascular effects, including white ‑coat hyper‑
tension, masked hypertension, progression of 
hypertension ‑mediated end ‑organ damage, and 
other hypertension ‑related conditions.18,21

line with the results of a meta ‑analysis of 45 
nonrandomized prospective cohort studies by 
Zhang et al.17 The authors showed that HR high‑
er than 70 bpm is associated with unfavorable 
outcome regarding both cardiovascular and non‑
cardiovascular events.

In a recent review describing the impact of el‑
evated HR on cardiovascular risk in hypertensive 
participants, apart from genetic factors leading to 
elevated HR and BP, the authors underlined specif‑
ic roles of sympathetic nervous system activity.18 

FIGuRE 3  Hazard ratio against baseline heart rate (HR) plots presenting the risk for clinical composite end point event (A, b), myocardial infarction 
(C, d), and cardiovascular death (E, F), respectively for the participants with (gray area) and without prior cardiovascular disease (blue area)
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We would like to emphasize that proving an as‑
sociation between HR measured using AOBPM 
and cardiovascular risk might be of special signif‑
icance, because HR is lower during an unattended 
AOBPM due to decreased sympathetic activity.22 
It may also indicate that the HR assessment us‑
ing AOBPM is a more sensitive tool for predicting 
cardiovascular complications than HR obtained 
by the conventional method.

In the  ESC recommendations, HR above 
80 bpm is considered a cardiovascular risk mod‑
ifier. In our study, an increase in cardiovascular 
risk was observed at lower HR values. Similar ob‑
servations were found when considering the effect 
of HR assessed by HBPM or ABPM on cardiovas‑
cular events.8,23 This finding can also be explained 
by the fact that during unattended AOBPM sym‑
pathetic activity is lower than during OBPM.

Regarding the balance between the sympathet‑
ic and parasympathetic systems, sympathetic ac‑
tivation is decreased during night rest. Our re‑
sults are of interest in the context of other studies 
showing that nocturnal nondipping of HR is an in‑
dependent predictor of cardiovascular events.24

To the best of our knowledge, only 1 study has 
presented the impact of AOBPM HR on the oc‑
currence of cardiovascular events. Wang et al25 
showed that in Chinese octogenarians elevated 
AOBM HR is associated with all ‑cause and car‑
diovascular mortalities. However, the trial also 
showed that low HR values were associated with 
increased risk for all ‑cause and cardiovascular 
mortalities. The lowest risk of these end points 
was observed when HR remained in the range of 
77 to 85 bpm.

In our trial, the risk of MI rose in the partic‑
ipants with low HR but only in the group with 
prior CVD. As proposed by Boudoulas et al,26 this 
phenomenon may be explained by increased cen‑
tral aortic pressure. In the participants with prior 
CVD, arterial stiffness is more pronounced and 
results in higher pulse wave velocity. Similarly, 
the pulse wave velocity reflected from the periph‑
eral arterial circulation to the root of the aorta is 
higher than in the participants without CVD. Con‑
sequently, when HR is slow, the diastolic period 
is prolonged much more than the systolic peri‑
od as compared with normal HR. Both these sit‑
uations, that is, the higher velocity of reflected 
pulse wave and elongation of the diastolic period 
in comparison with the systolic period, result in 
the arrival of the reflected pulse wave at the root 
of the aorta in the systole instead of the diastole. 
Under such circumstances, the central aortic BP 
is elevated and coronary blood flow is reduced. 
Hence, diminished coronary blood flow may result 
in myocardial ischemia and infarction, especially 
in the participants with prior CVD diagnoses. Re‑
cently, Mthembu et al27 found that the age of par‑
ticipants without CVD was the most important 
factor influencing the effects of low HR on the re‑
flected pulse wave velocity and central BP. In our 
analysis, the participants without CVD were old‑
er than those with the CVD history; however, we 

TAbLE 3 Proportional hazard models evaluating the impact of baseline heart 
rate above 70 bpm on composite clinical end point event (Model A), myocardial 
infarction (Model B), and cardiovascular death (Model C)

Variable Hazard ratio (95% CI) P value

Model A – prediction of CE

Age, y 1.05 (1.04–1.06) <0.001

Female sex 0.72 (0.6–0.88) 0.001

Black race 1.05 (0.86–1.28) 0.64

Baseline SBP, mm Hg 1.01 (1–1.01) 0.01

Former smokera 1.2 (1–1.45) 0.06

Current smokera 2.21 (1.69–2.87) <0.001

Allocation to intensive treatment arm 0.74 (0.62–0.87) <0.001

On statin 1.05 (0.87–1.27) 0.59

On aspirin 1.15 (0.96–1.38) 0.13

Total cholesterol, mg/dl 1 (1–1.01) 0.01

Glucose, mg/dl 1 (1–1.01) 0.28

eGFR, ml/min/1.73 m2 0.99 (0.99–0.99) <0.001

Baseline HR >70 bpm 1.32 (1.1–1.58) 0.003

History of CVD 2.07 (1.71–2.49) <0.001

Model B – prediction of MI

Age, y 1.04 (1.03–1.06) <0.001

Female sex 0.63 (0.45–0.87) 0.005

Black race 0.87 (0.62–1.22) 0.41

Baseline SBP, mm Hg 1.01 (1–1.02) 0.04

Former smokera 1.43 (1.04–1.96) 0.03

Current smokera 3.25 (2.15–4.9) <0.001

Allocation to intensive treatment arm 0.81 (0.62–1.06) 0.13

On statin 1.13 (0.83–1.53) 0.44

On aspirin 1.06 (0.78–1.42) 0.72

Total cholesterol, mg/dl 1 (1–1.01) 0.008

Glucose, mg/dl 1 (0.99–1.01) 0.69

eGFR, ml/min/1.73 m2 0.99 (0.98–1) 0.04

Baseline HR >70 bpmb 1.42 (1–2.02) 0.05

Baseline HR <60 bpmb 1.41 (1.01–1.97) 0.045

History of CVD 2.03 (1.5–2.76) <0.001

Model C – prediction of cardiovascular death

Age, y 1.05 (1.02–1.07) <0.001

Female sex 0.43 (0.26–0.72) 0.001

Black race 1.56 (0.99–2.47) 0.06

Baseline SBP, mm Hg 1.02 (1.01–1.03) 0.004

Former smokera 1.48 (0.94–2.33) 0.09

Current smokera 2.06 (1.07–3.98) 0.03

Allocation to intensive treatment arm 0.57 (0.38–0.86) 0.007

On statin 1.31 (0.84–2.07) 0.24

On aspirin 0.96 (0.62–1.48) 0.84

Total cholesterol, mg/dl 1 (1–1.01) 0.80

Glucose, mg/dl 1.01 (0.99–1.02) 0.39

eGFR, ml/min/1.73 m2 0.98 (0.97–0.99) <0.001

Baseline HR >70 bpm 1.9 (1.24–2.9) 0.003

History of CVD 2.28 (1.47–3.53) <0.001

Clinical composite end point was defined as MI, acute coronary syndrome other than 
MI, heart failure exacerbation, stroke, or cardiovascular death.

a In comparison with never smokers

b In comparison with baseline HR in the range of 60–70 bpm

Abbreviations: see TAbLE 1
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cardiovascular events risk is observed at lower 
HR values than currently suggested, further stud‑
ies are needed. Recently, it has been shown that 
lower HR and decreased SBP are related to bet‑
ter outcome in the patients with hypertension, 
however, there is not enough evidence support‑
ing intentional lowering of HR in such individ‑
uals.16 Especially the method of HR lowering re‑
mains of considerable interest. Target HR remains 
unknown in light of the fact that in participants 
with prior CVD, low HR may be also recognized 
as a risk factor for MI. It should be underlined 
that AOBPM is a new method, the use of which 
gains more and more attention. The results ob‑
tained with AOBPM are less prone to bias related 
to the presence of a physician, and are thus more 
reliable. Additionally, HR obtained using AOBPM 
may effectively stratify the cardiovascular risk, 
as reflected by the study results. This may affect 
common clinical practice. However, its influence 
on current recommendations on target HR war‑
rants further investigations.
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