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Follow-Up Study

Ningling Sun*, Yuanyuan Chen, Yang Xi, Hongyi Wang and Luyan Wang

Department of Hypertension, Heart Center, Peking University People’s Hospital, Bejjing, China

Obijective: To assess the effect of heart rate at baseline on major adverse cardiovascular
events (MACEs) among hypertensive patients in China.

Methods: A multicenter retrospective study was conducted with a 24 month follow-up
period. A total of 10,031 hypertensive patients treated with standard antihypertensive
drugs were grouped according to their heart rate before treatment: <65 beats per min
(bpm), 685-69 bpm, 70-74 bpm, 75-79 bpm, and >80 bpm. The occurrence of any of
MACEs was as the endpoint event during the 24 month follow-up period. The effect
of heart rate at baseline on MACEs was analyzed using univate and multivariable Cox
proportional regression analyses, with hazard ratios (HRs) and 95% confidence intervals
(Cls). The restricted cubic spline (RCS) model was used to fit the Cox proportional harzard
model with 5 knots at the 51, 25", 50t 751 and 95" percentiles of heart rate.

Results: Totally 9,991 patients were finally enrolled with the mean systolic pressure
(SBP)/diastolic pressure (DBP) of 130.59 + 7.13/77.66 £+ 5.99 mmHg at 24 month
follow-up. The incidence of MACEs was 4.80% (n = 480). After adjustment for age,
gender, baseline blood pressure, alcohol drinking, smoking, hyperlipidemia, diabetes,
coronary heart disease, cerebrovascular disease and antihypertensive drug use, patients
with heart rate <65 bpm (HR = 1.450, 95% CI: 1.098-1.915) and >80 bpm (HR =
1.391, 95% CI: 1.056-11.832) showed 0.45 fold and 0.391 fold increases of MACE risks,
compared with patients with heart rate of 70-74 bpm. Furthermore, MACE risks were
increased by 86.0% and 65.4% in men, and 59.3% and 69.0% in elderly patients aged
>65 years at heart rate <65 bpm or >80 bpm, respectively. We also found a non-liner
U-shaped correlation between heart rate and the occurrence of MACEs.

Conclusions: Heart rate might be an independent risk factor for MACEs in
hypertensive patients. An appropriate range of heart rate control may offer guidance
to hypertension treatment.
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INTRODUCTION

Hypertension is a chronic disease with a highest prevalence in
China, which is a serious threat to the life and health of the
Chinese population (1). It is estimated that approximately 245
million Chinese adults suffer from hypertension in 2019 (2).
Previous studies showed that hypertension is a growing burden
of cardiovascular disease, and about half of cardiovascular deaths
each year are related to hypertension (3). Identification of
influencing factors of cardiovascular prognoses in hypertensive
patients is essential to help clinicians to assess the disease risk and
guide corresponding treatments (4-6).

Resting heart rate is an easy-to-measure phenotypic
quantitative trait that is routinely used for risk prediction
in the field of cardiovascular medicine (7, 8). Several studies have
shown that heart rate is associated with the risk of cardiovascular
events and mortality in hypertensive patients (5, 6). After
adjusting other risk factors such as diabetes, obesity, and waist-
length, elevated resting heart rate is still an independent risk
factor for cardiovascular disease (9). However, there are limited
studies on the magnitude of heart rate elevation and various
definitions of high heart rate in patients with hypertension.

Herein, we investigated the association between heart rate
at baseline and the risk of major adverse cardiovascular events
(MACEs) in hypertensive patients, and further explored an
appropriate range of heart rate control which may improve
cardiovascular prognoses in hypertensive patients.

MATERIALS AND METHODS
Study Design and Population

This was a multicenter, retrospective, and follow-up study.
All hypertensive patients treated with levoamlodipine maleate
or amlodipine besylate at 110 centers in 21 cities in China,
came from a previous study (10), and met the standards
of the Chinese Guidelines for Prevention and Treatment of
Hypertension (4). All the patients received calcium channel
blockers (CCBs) levamlodipine maleate or amlodipine besylate,
and were followed up for further 24 months. If the target blood
pressure reduction was not achieved (<140/90 mmHg), other
antihypertensive drugs can be added until the blood pressure
was <140/90 mmHg. According to resting heart rate (beats
per minute, bpm), the enrolled patients were categorized as
five groups: <65, 65-69, 70-74, 75-79, and >80 bpm. All
the patients signed informed consent forms and this study
was approved by human ethics committees with registration
number NCT01844570.

Study Variables

Outcome Variables

MACEs as the endpoint of this study were defined as any of
the following events occurred during the 24 month follow-up
period, including death, non-fatal stroke, non-fatal myocardial
infarction, unstable angina pectoris, coronary intervention,
coronary artery bypass grafting, new onset of atrial fibrillation,
heart failure, or aortic dissection aneurysm. An independent
Clinical Event Committee whose members were blinded to the

grouping of patients during the study made a judgment on
of MACEs.

Independent Variables

Blood pressure was measured by an Omron (model: hem-8102a)
medical automatic electronic sphygmomanometer in a face-to-
face setting in the consulting room. The patients had been told
not to engage in intensive exercise half an hour before blood
pressure and heart rate measurement. In addition, smoking and
coffee were prohibited on the day of the measurement. The
resting setting was achieved by sitting for 5min, the patient’s
legs were straight and relaxed, and their right arm was exposed
and placed on the level of the heart. The heart rate (bpm),
blood pressure (mmHg), systolic blood pressure (SBP), and
diastolic blood pressure (DBP) of the patients were detected
by an automatic digital blood pressure meter. Each index was
measured twice and the average value was recorded as the
final reading.

Covariates

Patients demographics and clinical data were collected, including
age, gender, height, weight, alcohol drinking history, smoking
history, medical history (hyperlipidemia, diabetes, cardiovascular
and cerebrovascular diseases), family history (hypertension,
diabetes, stroke, coronary heart disease), drug use [CCBs, renin-
angiotensin system inhibitors (RASIs), adrenergic beta blockers,
diuretics, and other drugs], etc.

Follow-Up

The follow-up time of each hypertensive patient was 24 months
in the study. Patients were followed up once a month in the
first 6 months and once every 3 months thereafter at outpatient
department of the hospital. The positive event during 24 month
follow-up was MACEs, and the follow-up was terminated when
any positive event occurred during the follow-up period. The
follow-up sites were located at 110 centers in 21 cities, where the
physicians were responsible for the diagnosis and the collection
of follow-up information.

Statistical Analysis

After continuous enrollment, the number of patients who
completed the 24 month follow-up was counted and analyzed.
All data were tested for normality through the Shapiro test.
Comparison between two groups was conducted by the Kruskal-
Wallis test. Comparison of means between multiple groups
was conducted using one-way ANOVA. The multivariate Cox
proportional hazard model was used to identify independent
covariates and to estimate the effect of heart rate on the risk
of MACEs, with hazard ratios (HRs) and confidence intervals
(CIs). Variables achieving P-value < 0.10 were entered into
multivariate analysis during stepwise iteration. The cumulative
incidence hazards of MACE:s in different heart rate groups were
assessed using the Kaplan-Meier method. The restricted cubic
spline (RCS) model was used to fit the Cox proportional hazard
model with 5 knots at the 5, 25, 50t 75t and 95t percentiles
of heart rate. All statistical analyses were performed using SAS 9.4

Frontiers in Cardiovascular Medicine | www.frontiersin.org

December 2021 | Volume 8 | Article 741784


https://www.frontiersin.org/journals/cardiovascular-medicine
https://www.frontiersin.org
https://www.frontiersin.org/journals/cardiovascular-medicine#articles

Sun et al.

Impact of Heart Rate on MACEs

(SAS Institute, Cary, NY, USA). P value < 0.05 was considered
statistically different.

RESULTS

Characteristics of Patients

Figure 1 showed the flow chart of patient screening. A total
of 10,031 patients with hypertension were enrolled, and 40
patients without heart rate information were excluded. Then
9,991 hypertensive patients were finally included in this study,
with the mean age of 64.46 £ 10.65 years, the mean BMI of
24.61 + 2.82 kg/m?, the mean SBP of 145.43 & 17.41 mmHg, and
the mean DBP of 84.90 & 10.67 mmHg. Baseline data on age,
sex, blood pressure, and BMI exhibited no statistical differences
between the 40 excluded and 9,991 included. We found that there
were significant differences between the five groups of heart rate
levels in age (F = 22.588, P < 0.001), gender (x? = 10.878, P =
0.028), BMI (F = 2.678, P = 0.030), baseline SBP (F = 90.108, P
< 0.001), baseline DBP (F = 95.214, P < 0.001), alcohol drinking
(x* = 22.329, P < 0.001), smoking (x? = 34.525, P < 0.001),
medical history (coronary heart disease: % = 134.268, P < 0.001;
cerebrovascular disease: x2 = 34.975, P < 0.001), family history
(hypertension: x2 = 134.268, P = 0.029; coronary heart disease:
x% =134.268, P = 0.005), and drug use (CCBs: x? = 10.439, P =
0.034; RASIs: x2 = 17.266, P = 0.002; adrenergic beta blockers:
X2 = 64.223, P < 0.001; diuretics: 2 = 24.567, P < 0.001; other
drugs: x% = 12.419, P = 0.014). The incidences of MACE:s in the
five groups were found to be significantly different (x? = 16.719,

P = 0.002). Demographic data, history of diseases, drug use and
outcomes of hypertension cases were shown in Table 1.

Influence of Heart Rate on MACEs in All

Patients

The incidence of MACEs was 4.80% among 9,991 hypertensive
patients. Compared with patients at heart rate of 70-74 bpm,
hypertensive patients at heart rate <65 bpm (HR = 1.649,
95% CI: 1.251-2.173) and >80 bpm (HR = 1.354, 95% CIL
1.034-1.775) showed higher risks of MACEs. Nevertheless, in
contrast to patients with heart rate of 70-74 bpm, those with
heart rate of 65-69 and 75-79 bpm showed no differences in
MACE risks with HRs of 1.187 (95% CI: 0.901-1.564) and
1.008 (95% CI: 0.781-1.301), respectively. After adjusting for
age, gender, baseline blood pressure, alcohol drinking, smoking,
hyperlipidemia, diabetes, coronary heart disease, cerebrovascular
disease, CCBs, beta-blockers, RASIs, diuretics, and other drugs,
there were 0.45 fold and 0.391 fold increases in the risks of
MACE:s in patients with heart rate <65 bpm (HR = 1.450, 95%
CI: 1.098-1.915) and >80 bpm (HR = 1.391, 95% CI: 1.056—
11.832), while no significant differences were found in the other
groups (Table 2). The cumulative incidence hazards of MACEs
in different groups were shown in Figure 2. Moreover, the RCS
curve displayed that the heart rate of hypertensive patients was in
non-linear correlation with the incidence of MACEs (Figure 3).
When the heart rate was 72 bpm, the risk of MACEs was
the lowest.

Hypertensive patients
(n=10031)
> Excluded (n=40)
Absence of heart rate information
\ 2
Eligible patients
(n=9991)
A4 A4 \ 2 A4 \ 4
<65 bpm 65-69 bpm 70-74 bpm 75-79 bpm >80 bpm
(n=1118) (n=1537) (n=3589) (n=2305) (n=1442)
24-month follow-up
MACE (n=76) MACE (n=76) MACE (n=150) MACE (n=97) MACE (n=81)
non-MACE (n=1042) | | non-MACE (n=1461) | | non-MACE (n=3439) | | non-MACE (n=2208) | [non-MACE (n=1361)
FIGURE 1 | Flow chart of patient screening.
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TABLE 1 | Characteristics of hypertensive patients at different heart rate levels.

Variables Total <65 bpm 65-69 bpm 70-74 bpm 75-79 bpm >80 bpm Statistics P-value
(n =9,991) (n=1,118) (n =1,537) (n = 3,589) (n = 2,305) (n =1,442)
Age, years, Mean + SD 64.46 £ 10.65 66.82 £ 10.57 64.95+10.78 64.47 £10.47 63.28+10.37  63.94 £ 11.17 F =23.409 <0.001
Gender, n (%) x%=10.878 0.028
Male 5,045 (50.50) 558 (49.91) 726 (47.23) 1,811 (50.46) 1,188 (51.54) 762 (52.84)
Female 4,946 (49.50) 560 (50.09) 811 (52.77) 1,778 (49.54) 1,117 (48.46) 680 (47.16)
BMI, kg/m?, Mean + SD 24.61 +2.82 24.71 +£2.88 24.50 + 2.75 24,53 +£2.78 24.72 +£2.78 24.66 + 2.99 F=2.355 0.070
BP, mmHg, Mean + SD
SBP 14543 £17.41 14465 +17.71 14219+ 16.51 143.59 +£ 16.65 146.35 +16.83 152.62 + 18.73 F=115.527 <0.001
DBP 84.90 + 10.67 82.72 £ 11.27 82.78 £ 10.56 8413 £10.16 85.99 £ 10.10 89.04 +£ 11.10 F=126.957 <0.001
Alcohol, n (%) 7,332 (73.39) 852 (76.21) 1,174 (76.38) 2,613 (72.81) 1,688 (73.23) 1,005 (69.69) %2 =22.329 <0.001
Smoking, n (%) 7,443 (74.50) 862 (77.10) 1,210 (78.72) 2,663 (74.20) 1,698 (73.67) 1,010 (70.04) ¥? =34.525 <0.001
Present history, n (%)
Hyperlipidemia 858 (8.59) 111 (14.29) 139 (13.83) 294 (8.19) 188 (8.16) 126 (8.74) x% =3.627 0.305
Diabetes 1,477 (14.78) 176 (15.74) 246 (16.01) 507 (14.13) 320 (13.88) 228 (15.81) x? =6.525 0.089
Coronary heart disease 1,446 (14.47) 264 (23.61) 283 (18.41) 458 (12.76) 240 (10.41) 201 (13.94) x?=134.268  <0.001
Cerebrovascular disease 1,056 (10.57) 173 (15.47) 158 (10.28) 372 (10.37) 208 (9.02) 145 (10.06) X2 =34.975 <0.001
Family history, n (%)
Hypertension 3,480 (34.893) 360 (63.38) 524 (65.01) 1,290 (35.94) 792(34.36) 514 (35.64) x? =5.359 0.147
Stroke 391 (3.91) 54 (11.18) 56 (9.11) 136 (3.79) 81 (3.51) 64 (4.44) x? =2.553 0.466
Coronary heart disease 594 (13.64) 87 (17.51) 105 (16.30) 194 (12.15) 124 (12.33) 84 (13.77) ¥? = 14.684 0.005
Diabetes 540 (5.40) 61 (12.53) 93 (14.55) 183 (5.10) 121(5.25) 82 (5.69) x2=1.802 0.614
Present drug use, n (%)
CCBs x2 =10.439 0.034
Levamlodipine maleate 4,994 (49.98) 523 (46.78) 783 (50.94) 1,760 (49.04) 1,199 (52.02) 729 (50.55)
Amlodipine besylate 4,997 (50.02) 595 (53.22) 754 (49.06) 1,829 (50.96) 1,106 (47.98) 713 (49.45)
p-blockers X2 =64.223 <0.001
Yes 2,087 (20.89) 280 (25.04) 380 (24.72) 688 (19.17) 389 (16.88) 350 (24.27)
No 7,904 (79.11) 838 (74.96) 1,157 (75.28) 2,901 (80.83) 1,916 (83.12) 1,092 (75.73)
RASIs 3,630 (36.33) 451 (40.34) 600 (39.04) 1,262 (35.16) 803 (34.84) 514 (35.64) %% =17.266 0.002
Diuretics 392 (3.92) 59 (5.28) 53 (3.45) 129 (3.59) 69 (2.99) 82 (5.69) x? = 24.567 <0.001
Other drugs 641 (6.42) 77 (6.89) 105 (6.83) 259 (7.22) 118 (5.12) 82 (5.69) x2=12.419 0.014
MAGCEs, n (%) x2=16.719 0.002
No 9,511 (95.20) 1,042 (93.20) 1,461 (95.06) 3,439 (95.82) 2,208 (95.79) 1,361 (94.38)
Yes 480 (4.80) 76 (6.80) 76 (4.94) 150 (4.18) 97 (4.21) 81 (5.62)

SD, standard deviation; BMI, body mass index; SBF, systolic blood pressure; DBF, diastolic blood pressure; CCB, calcium antagonist; RASI, renin angiotensin system inhibitor; MACEs,

major adverse cardiovascular events.

TABLE 2 | Association between heart rate and MACE risks in all hypertensive
patients.

Heart rate HR (95%Cl) P-value HR (95%CI)* P-value
(bpm)

<65 1.649 (1.251-2.173) <0.001  1.450 (1.098-1.915)  0.009
65-69 1.187 (0.901-1.564) 0.224  1.141(0.865-1.505)  0.865
70-74 Ref Ref

75-79 1.008 (0.781-1.301) 0.950  1.094 (0.846-1.415)  0.492
>80 1.354 (1.084-1.775)  0.028 1.391 (1.056-11.832) 0.019

HR, hazard ratio; Cl: confidence interval. *adjusting for age, gender, baseline blood
pressure, driking alcohol, smoking, hyperlipidemia, diabetes, coronary heart disease,
cerebrovascular disease, CCBs, beta-blockers, RASIs, diuretics, and other drugs.

Association Between Heart Rate and
MACEs by Gender and Age

After adjustment for age, baseline blood pressure, alcohol
drinking, smoking, hyperlipidemia, diabetes, coronary heart
disease, cerebrovascular disease, CCBs, beta-blockers, RASIs,
diuretics, and other drugs, the results showed that the risks of
MACEs were significantly higher in men with heart rate <65
bpm (HR = 1.860, 95% CI: 1.260-2.745) and >80 bpm (HR =
1.654, 95% CI: 1.120-2.442) than those with heart rate of 70-74
bpm. Moreover, when gender, baseline blood pressure, alcohol
drinking, smoking, hyperlipidemia, diabetes, coronary heart
disease, cerebrovascular disease, CCBs, beta-blockers, RASIs,
diuretics, and other drugs were adjusted, elderly patients (>65
years old) at heart rate <65 bpm (HR = 1.593, 95% CI:
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TABLE 3 | Association between heart rate and MACE risks in subgroups of gender and age.

Subgroups Heart rate (bpm) HR (95%Cl) P-value HR (95%Cl) P-value
Male <65 2.154 (1.467-3.162) <0.001 1.860 (1.260-2.745)2 0.002
65-69 1.135 (0.737-1.747) 0.566 1.117 (0.725-1.722)2 0.616
70-74 Ref Ref
75-79 1.232 (0.858-1.768) 0.258 1.330 (0.925-1.912)2 0.124
>80 1.597 (1.090-2.339) 0.016 1.654 (1.120-2.442)2 0.011
Female <65 1.259 (0.842-1.884) 0.262 1.097 (0.731-1.646)2 0.656
65-69 1.206 (0.842-1.728) 0.307 1.117 (0.778-1.6052 0.548
70-74 Ref Ref
75-79 0.831 (0.577-1.196) 0.319 0.882 (0.610-1.273)2 0.502
>80 1.161 (0.789-1.709) 0.450 1.135 (0.766-1.683)2 0.528
<65 years <65 1.448 (0.908-2.311) 0.120 1.246 (0.776-2.003)° 0.362
65-69 0.979 (0.622-1.541) 0.927 0.924 (0.585-1.461)° 0.737
70-74 Ref Ref
75-79 0.802 (0.536-1.200) 0.284 0.833 (0.556-1.247)° 0.374
>80 1.079 (0.701-1.661) 0.730 1.046 (0.673-1.625) 0.843
>65 years <65 1.654 (1.171-2.338) 0.004 1.593 (1.125-2.255)° 0.009
65-69 1.305 (0.920-1.853) 0.136 1.337 (0.959-1.866)° 0.087
70-74 Ref Ref
75-79 1.247 (0.895-1.737) 0.192 1.337 (0.959-1.866)° 0.087
>80 1.633 (1.153-2.313) 0.006 1.690 (1.184-2.412)° 0.004

HR, hazard ratio; Cl: confidence interval. ?adjusting for age, baseline blood pressure, driking alcohol, smoking, hyperlipidemia, diabetes, coronary heart disease, cerebrovascular
disease, CCBs, beta-blockers, RASIs, diuretics, and other drugs; Padjusting for gender, baseline blood pressure, driking alcohol, smoking, hyperlipidemia, diabetes, coronary heart
disease, cerebrovascular disease, CCBs, beta-blockers, RASIs, diuretics, and other drugs.

Heart rate (bpm) == <65 == 65-69 == 70-74 == 75-79 = >80
0.100
0.075
<
s
N
=
2
5 0.050
=
=
g
=}
@]
0.025 Heart rate (bpm) HR (95%CI)
<65 vs 70-74 1.649 (1.251-2.173)  <0.001
65-69 wvs 70-74 1.187(0.901-1.564)  0.224
75-79 wvs 70-74  1.008 (0.781-1.301)  0.950
0.000 >80 ws 70-74  1.354(1.034-1.775)  0.028
0 3 6 9 12 15 18 21 24
Time (months)
Number at risk
z 6519 1118 1108 1099 1092 1073 1066 1052 1046 1042
£ 65691 1537 1530 1520 1512 1492 1484 1472 1466 1461
‘d‘é 70-741 3589 3568 3543 3533 3501 3490 3468 3451 3441
:Fg 75-791 2305 2283 2265 2264 2246 2243 2230 2218 2212
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0 3 6 9 12 15 18 21 24
Time (months)
FIGURE 2 | Cumulative incidence of MACEs in different groups of heart rate.
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FIGURE 3 | RCS curve for the correlation between heart rate and MACGE risks in hypertensive patients.
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1.125-2.255) and >80 bpm (HR = 1.690, 95% CI: 1.184-2.412)
had significantly increased MACE risks in comparison with those
at heart rate of 70-74 bpm, respectively. There was no difference
in women and the group aged <65 years old (Table 3). The
cumulative incidence hazards of MACEs in male and elderly
patients were shown in Figure 4 and Figure 5, respectively.

DISCUSSION

In recent years, heart rate management in patients with
hypertension has attracted major attention in clinic. However, the
range of beneficial heart rate in hypertensive patients is unclear
and still under debate (11). This study aimed to assess the optimal
heart rate of hypertensive patients by grouping patients with
different heart rate levels at baseline before treatment, which
may affect the prognoses of hypertensive patients. Our findings
showed that heart rate <65 bpm and >80 bpm were associated
with the high risks of MACEs in hypertensive patients, especially
in men and the elderly. In addition, we also found a non-liner
U-shaped correlation between heart rate and the occurrence of
MACEs, with heart rate of 72 bpm at the lowest risk.

Some studies have revealed that increased heart rate
in patients with hypertension was a marker of increased
sympathetic excitability (12, 13). The increase of heart rate

was a common clinical presentation of hypertension. A survey
conducted in France which included 100,000 people reported that
the average heart rate of untreated patients with hypertension
increased by 6 bpm compared with that of those patients
with normotension (14). A cross-sectional study of 115,229
hypertensive patients from 21 cities in China showed that
the average resting heart rate of hypertensive patients was
76.6 bpm, and there were a striking 38.2% of uncomplicated
hypertensive patients having average resting heart rate >80 bpm
(15). High heart rate increased the risk of cardiovascular events
in patients with hypertension (16). The Kailuan study in an Asian
population illustrated that individuals with resting heart rate of
>78 bpm had a 16% higher risk of developing hypertension
than those <70 bpm after 3.5 years of follow-up (17). Data
of 2,293 untreated patients over 60 years old with isolated
systolic hypertension from the European Systolic Hypertensive
Trial demonstrated that there was an 89% increase in all-cause
mortality for patients with baseline heart rate >80 bpm (18).
Zhao et al. (19) showed that resting heart rate >79 bpm elevated
the risk of heart failure by 97% compared with that <69 bpm.
Zhang et al. (20) reported that increased heart rate related to the
increase of cardiovascular deaths to a certain extent. In a South
Korean cohort study, 6,100 community residents were followed
up for 20.8 years and higher resting heart rate and hypertension
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FIGURE 4 | Association between heart rate and MACE risks in hypertensive male patients.

were found to synergistically increase future cardiovascular
events (21). Compared with normotensive patients with heart
rate of 61-79 bpm, hypertensive patients with higher heart rate
>80 bpm had a high risk ratio for cardiovascular death, and
the ratio for males was 8.34 and the ratio for females was 5.95
(21). Chinese Center for Disease Control and Prevention (China
CDC) Weekly report showed that the incidence of cardiovascular
disease in hypertensive patients with baseline heart rate of >80
bpm was 1.35 times that in individuals with normal blood
pressure (22). Herein, we discovered that heart rate >80 bpm in
hypertensive patients brought a high risk of MACEs, which was
supported by previous studies.

This could be attributed to sympathetic nerve activation,
peripheral vascular resistance, and endothelium function (23,
24). Catecholamine levels in the blood of hypertensive patients
are higher. An increase in resting heart rate is caused by
the increase of catecholamine in the blood (25). It has also
been shown that high heart rate increases renal tubular
reabsorption of sodium and decreases glomerular filtration rate.
Increasing the levels of angiotensin II and renin-angiotensin
receptors could lead to a persistent increase in blood pressure,
and high blood pressure in patients is associated with the
overall cardiac norepinephrine spillage. The feedback loop of
cardiac norepinephrine spillage could cause high heart rate
(r = 082, P = 9.3 x 107°). Therefore, increased heart
rate is a sign of increased cardiac sympathetic activity in

patients with hypertension (12, 13). Increased sympathetic
tone is found in about 30% of hypertension patients. This
abnormality is closely associated with the metabolic syndrome
of dyslipidemia and hyperinsulinaemia (26). Early studies have
reported that sympathetic stimulation enhances cardiac and
vascular hypertrophy, and left ventricular hypertrophy is a strong
predictor of poor cardiovascular outcomes. Hypertrophy of
resistance vessels accelerates hypertension, whereas hypertrophy
of smaller coronary vessels limits coronary reserve and
increases a tendency toward coronary spasms. Epidemiologically,
high haematocrit is associated with hypertension and is
recognized as an independent coronary risk factor. Sympathetic
stimulation increases haematocrit through an increase of post-
capillary vascular resistance. In addition, sympathetic over-
activity is also relevant to platelet activation which may
further add to the risk of coronary thrombosis in neurogenic
hypertension. High heart rate could cause direct damage to
the arteries and promote arrhythmia by hemodynamic force
(27, 28). Elevated heart rate could increase hemodynamic
stress and shorten the diastolic phase, which could then
increase tensile stress, low and oscillatory shear stress, thereby
promoting oxygen consumption. These direct detrimental
effects could cause coronary atherosclerosis and myocardial
ischemia (29).

Furthermore, the result also showed heart rate <65 bpm was
related to the occurrence of MACEs among hypertensive cases.
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FIGURE 5 | Association between heart rate and MACE risks in hypertensive elderly patients.

A study of middle-aged and older people in China found that low
baseline heart rate (<65 bpm) had a higher risk of cardiovascular
disease (30). It was indicated that a heart rate reduction was
associated with the incidence of cardiovascular disease. Reduced
heart rate may lead to dispersed atrial repolarization, and further
trigger cardiovascular events (31).

In this current study, we found that the risks of MACEs in
male hypertensive patients or hypertensive patients >65 years
old in the group of heart rate <65 and >80 bpm were higher
than the risk in the group with heart rate of 70-74 bpm,
suggesting the incidence of MACEs was correlated with heart
rate of <65 and >80 bpm after 24 month follow-up. There
were 45.0 and 39.1% increases of MACE risks in the groups
of heart rate <65 and >80 bpm among all the patients with
hypertension, respectively. Moreover, MACE risks were observed
to significantly increase to 86.0% (heart rate <65 bpm) and
65.4% (heart rate >80 bpm) in the male group, and to 59.3%
(heart rate <65 bpm) and 69.0% (heart rate >80 bpm) in the
elderly group (>65 years), respectively. It was indicated that
managing heart rate at 65-79 bpm may be beneficial in reducing
the risk of MACEs in hypertensive cases, particularly in males
and the elderly. The gender and age of hypertensive patients
have offered prognostic values for cardiovascular diseases (32,
33). Continuous monitoring and management of heart rate
may potentially improve the outcomes of hypertensive patients,
especially in male and elderly patients.

Interestingly, a non-liner correlation between heart rate and
the occurrence of MACE:s in a “U” shape was also discovered in
this study. An appropriate range of heart rate was 65-79 bpm,
which may contribute to minimize the risk of MACEs. Besides,
the lowest risk of MACEs was showed at the heart rate of 72 bpm.
Current studies suggested that heart rate control (<80 bpm) was
effective in the treatment of fast heart rate disorders, such as atrial
fibrillation and congestive heart failure, which was similar to our
findings. We provide an optimal value of heart rate that may be
helpful to keep a steady circadian rhythm of heart rate, and to
decrease the risk of MACE:s in hypertensive patients. Tachycardia
in hypertension is characterized by increased sympathetic tone
and decreased vagal activity, and then antihypertensive drugs
that can decrease heart rate via reducing sympathetic outflow
should be considered as preferential agents. Several personal
digital devices including mobile phones, fitness trackers and
eHealth applications can be used for monitoring the heart rate
of hypertensive patients to help clinicians as well as the public
identify the risk.

We conducted a multicenter, retrospective, and follow-up
study based on a large Chinese population to assess the
association between heart rate and MACE risks in patients with
hypertension. The appropriate range and the optimal value of
heart rate were mentioned for Chinese hypertensive individuals,
which may be useful to guide clinicians in the treatment of
hypertension. There are some limitations that should be noted
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in interpreting our findings. First, this study was based on a
previous study “Pragmatic comparative effectiveness trial in a
real-world setting,” data about heart rate in the observation
period or stable status were not collected, and data on blood
glucose and other blood biochemistry indicators could not be
monitored. Although most covariables were adjusted, several
potential residual confounders may not be controlled (34-36).
A propensity score matching method may be useful in future
studies. Second, the association between heart rate and MACE
risks in patients with hypertension was explored in this study,
while individuals with prehypertension were ignored. A Lancet
study has reported that the conversion of prehypertension to
hypertension which frequently occurs over a period of 4 years
is up to 30%, especially in the elderly (37). Prehypertension
is also associated with an increased risk of MACEs (38).
Whether the optimum heart rate is suitable for patients with
prehypertension needs to be determined, which would help to
better monitor the heart rate changes of people with different
blood pressure levels. Third, the follow-up period of this study
was only 24 months, although the results of the study showed
the appropriate range of heart rate in hypertensive patients. Well-
designed, and longer follow-up studies are still needed to confirm
our results.

CONCLUSION

In the present study, the relationship between heart rate and
MACE risks was investigated among hypertensive patients. The
results showed that heart rate of <65 or >80 bpm was an
independent risk factor for the occurrence of MACEs. The
clinical evidence was provided that the heart rate of hypertensive
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