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Objective: 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), 65–69 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 (CIs). The restricted cubic spline (RCS) model was used to fit the Cox proportional harzard model with 5 knots at the 5th, 25th, 50th, 75th, and 95th 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 5 min, 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 MACEs 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 5th, 25th, 50th, 75th, and 95th percentiles of heart rate. All statistical analyses were performed using SAS 9.4 (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/m2, 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 (χ2 = 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 (χ2 = 22.329, P < 0.001), smoking (χ2 = 34.525, P < 0.001), medical history (coronary heart disease: χ2 = 134.268, P < 0.001; cerebrovascular disease: χ2 = 34.975, P < 0.001), family history (hypertension: χ2 = 134.268, P = 0.029; coronary heart disease: χ2 = 134.268, P = 0.005), and drug use (CCBs: χ2 = 10.439, P = 0.034; RASIs: χ2 = 17.266, P = 0.002; adrenergic beta blockers: χ2 = 64.223, P < 0.001; diuretics: χ2 = 24.567, P < 0.001; other drugs: χ2 = 12.419, P = 0.014). The incidences of MACEs in the five groups were found to be significantly different (χ2 = 16.719, P = 0.002). Demographic data, history of diseases, drug use and outcomes of hypertension cases were shown in Table 1.


[image: Figure 1]
FIGURE 1. Flow chart of patient screening.



Table 1. Characteristics of hypertensive patients at different heart rate levels.
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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% CI: 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 MACEs 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.


Table 2. Association between heart rate and MACE risks in all hypertensive patients.
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FIGURE 2. Cumulative incidence of MACEs in different groups of heart rate.



[image: Figure 3]
FIGURE 3. RCS curve for the correlation between heart rate and MACE risks in hypertensive patients.




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: 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.


Table 3. Association between heart rate and MACE risks in subgroups of gender and age.
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FIGURE 4. Association between heart rate and MACE risks in hypertensive male patients.



[image: Figure 5]
FIGURE 5. Association between heart rate and MACE risks in hypertensive elderly patients.





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 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 = 0.82, P = 9.3 ×10−5). 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. 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 MACEs 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 MACEs 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 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 patients was better controlled at 65–79 bpm. Hypertensive patients need to pay attention to the changes in heart rate while strictly controlling their blood pressure. Heart rate can be used as an independent marker of MACEs, which emphasizes the necessity of heart rate management in addition to current treatment regimes in preventing cardiovascular disease.
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