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Abstract 

Background Although elevated heart rate is a risk factor for cardiovascular morbidity and mortality in healthy peo-
ple, the association between resting heart rate and major cardiovascular risk in patients after acute ischemic stroke 
remains debated. This study evaluated the association between heart rate and major adverse cardiovascular events 
after ischemic stroke.

Methods We conducted a retrospective cohort study analyzing data from the Chang Gung Research Database 
for 21,655 patients with recent ischemic stroke enrolled between January 1, 2010, and September 30, 2018. Initial 
in-hospital heart rates were averaged and categorized into 10–beats per minute (bpm) increments. The primary out-
come was the composite of hospitalization for recurrent ischemic stroke, myocardial infarction, or all-cause mortality. 
Secondary outcomes were hospitalization for recurrent ischemic stroke, myocardial infarction, and heart failure. Haz-
ard ratios and 95% confidence intervals (CIs) were estimated using Cox proportional hazards models, using the heart 
rate < 60 bpm subgroup as the reference.

Results After a median follow-up of 3.2 years, the adjusted hazard ratios for the primary outcome were 1.13 (95% CI: 
1.01 to 1.26) for heart rate 60–69 bpm, 1.35 (95% CI: 1.22 to 1.50) for heart rate 70–79 bpm, 1.64 (95% CI: 1.47 to 1.83) 
for heart rate 80–89 bpm, and 2.08 (95% CI: 1.85 to 2.34) for heart rate ≥ 90 bpm compared with the reference group. 
Heart rate ≥ 70 bpm was associated with increased risk of all secondary outcomes compared with the reference group 
except heart failure. 

Conclusions Heart rate is a simple measurement with important prognostic implications. In patients with ischemic 
stroke, initial in-hospital heart rate was associated with major adverse cardiovascular events.
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Background
Elevated heart rate is associated with a prothrom-
botic state [1], increased myocardial oxygen demand 
[2], plaque rupture [3], increased shear stress on the 
endothelium [4], and atherosclerosis [5], which pro-
vides possible pathophysiological mechanisms for the 
development of cardiovascular diseases. Accumula-
tive evidence from a meta-analysis of prospective 
cohort studies showed that an increase in heart rate by 
10 beats per minute (bpm) was associated with a 17% 
higher risk of all-cause mortality and a 14% risk of clini-
cal cardiovascular disease in the general population [6].

However, the association between resting heart rate 
and cardiovascular risk after ischemic stroke remains 
controversial. In a study employing the Virtual Inter-
national Stroke Trials Archive Database, elevated heart 
rate (> 86  bpm) was linked to mortality, heart failure 
(HF), and a higher degree of dependence but not to 
recurrent stroke, transient ischemic attack, or myocar-
dial infarction (MI) within 90  days of stroke onset in 
patients with ischemic stroke [7]. In the PRoFESS trial, 
recurrent stroke and MI were not significantly asso-
ciated with baseline heart rate in patients with non-
cardioembolic ischemic stroke [8]. In the PERFORM 
study, for patients with recent noncardioembolic 
ischemic stroke, heart rate ≥ 70  bpm was associated 
with increased relative risk of MI, ischemic stroke, and 
a composite of ischemic stroke, MI, or other vascular 
death [9].

These inconsistent results have left clinicians uncer-
tain about the relationship between resting heart rate 
and major cardiovascular prognosis after ischemic 
stroke. Compared with other cardiovascular diseases, 
ischemic stroke shows a variety of pathogenic mecha-
nisms not present in other cardiovascular diseases [10]. 
The aim of this study was to investigate the association 
between heart rate and a variety of cardiovascular out-
comes in a large cohort of patients with various sub-
types of ischemic stroke, which may provide further 
evidence when considering secondary prevention strat-
egies for patients with ischemic stroke.

We hypothesized that elevated initial in-hospital 
heart rate is associated with increased risk of major 
cardiovascular outcomes after ischemic stroke.

Methods
Study design and population
We conducted this retrospective cohort study by using 
data from the Chang Gung Research Database, the larg-
est multi-institutional electronic medical records col-
lection in Taiwan [11].

Inclusion and exclusion criteria
Patients whose first two discharge diagnoses included 
the International Classification of Diseases, 9th Revision, 
Clinical Modification [ICD-9-CM] code 433.01, 433.11, 
433.21, 433.31, 433.81, 433.91, 434.01, 434.11, or 434.91 
or International Classification of Diseases, 10th Revision, 
Clinical Modification [ICD-10-CM] code I63 [12, 13] 
and who were accrued consecutively between January 1, 
2010, and September 30, 2018, were included. The exclu-
sion criteria were patients: 1) hospitalized for less than 
3  days; 2) admitted to a rehabilitation unit; 3) admitted 
through outpatient clinics; 4) with recurrent stroke dur-
ing the study period; and 5) with less than one record of 
heart rate per day in the first three days of hospitaliza-
tion. In addition, those without catastrophic illness cards 
were also excluded (beneficiaries of the National Health 
Insurance system in Taiwan would have been given a cat-
astrophic illness card for 1 month because of their acute 
ischemic stroke). The first-ever ischemic stroke during 
the study period was defined as the index stroke. The 
patient selection process is illustrated in Fig. 1.

Data collection
Key demographic and clinical characteristics were col-
lected. Estimated glomerular filtration rate was deter-
mined using the Modification of Diet in Renal Disease 
equation [14]. To minimize bias, the mean heart rate, sys-
tolic blood pressure, and diastolic blood pressure in the 
first 3 days of hospitalization was used instead of a sin-
gle measurement value for further analysis. The claims-
based stroke severity index (SSI) was used to assess stroke 
severity. SSI scores were transformed into estimated 
National Institutes of Health Stroke Scale (eNIHSS) 
scores by using the equation 1.1722 × SSI − 0.7533 [15].

Outcome
Clinical data extracted from the Chang Gung Research 
Database were linked to the National Health Insurance 
Research Database and National Registry of Deaths pro-
vided by the Ministry of Health and Welfare in Taiwan 
for the period January 1, 2010, to December 31, 2018. 
The National Health Insurance system in Taiwan covers 
more than 99.9% of the entire population [16]. Therefore, 
hospitalization records for ischemic stroke, MI, and HF 
were reliable in this study.

The primary outcome of the study was the time to earli-
est major adverse cardiovascular event (MACE), which 
included hospitalization for recurrent ischemic stroke, 
MI, or all-cause mortality after index stroke. The second-
ary outcomes were hospitalization for recurrent ischemic 
stroke, MI, and HF after index stroke. The diagnosis of 
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hospitalization for ischemic stroke (ICD-9-CM codes 
433.01, 433.11, 433.21, 433.31, 433.81, 433.91, 434.01, 
434.11, and 434.91; ICD-10-CM code I63) [12, 13], MI 

(ICD-9-CM code 410; ICD-10-CM codes I21 and 22) [17, 
18], and HF (ICD-9-CM code 428; ICD-10-CM code I50) 
[19] was determined from the first two discharge diagnoses.

Fig. 1 Flow chart of patient selection. Abbreviation: IS, ischemic stroke
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Statistical analysis
Descriptive statistics are presented as number (percent-
age) for categorical data and mean (standard deviation) 
and median (interquartile range) for continuous data. The 
patients were stratified into five subgroups in accordance 
with their mean heart rate level: < 60, 60 to 69, 70 to 79, 80 to 
89, or ≥ 90 bpm. Differences between the groups were tested 
using the Kruskal–Wallis rank test for continuous data and 
the chi-square test for categorical data. Cox proportional 
hazards models were used to evaluate the relationship 
between heart rate and cardiovascular outcomes. Analyses 
were performed using mean heart rate as both a continu-
ous and categorical variable. Because a heart rate ≥ 60 bpm 
has been shown to be associated with an increased risk of 
all-cause mortality and cardiovascular death in patients with 
ischemic stroke or coronary artery disease (CAD) [20, 21], 
patients with a heart rate < 60 bpm were selected as the ref-
erence group in this analysis. In addition to crude hazard 
ratios (HRs), adjusted HRs and 95% confidence intervals 
(CIs) were calculated with the reference group and esti-
mated after adjusting for potential confounding factors in 
the Cox proportional hazards models. Model 1 included age 
and sex, whereas Model 2 included age; sex; eNIHSS score; 
history of hypertension, diabetes mellitus, dyslipidemia, 
atrial fibrillation, CAD, HF, and cancer before admission; 
smoking status; body mass index; total cholesterol level; 
triglyceride level; chronic kidney disease stage; alanine ami-
notransferase level; glycated hemoglobin level; mean sys-
tolic blood pressure; mean diastolic blood pressure; and use 
of antithrombotics, statins, and beta-blockers. Unless speci-
fied, all results are given for Model 2. Data were analyzed 
as recorded without any imputation for missing data. For 
adjustment variables for which a large amount of data was 
missing, a category for missing data was included to mini-
mize the effect of missing data on the analysis.

The restricted cubic spline smoothing technique was 
employed to explore the overall trend of associations 
through the range of heart rate values. Subgroup analy-
ses for the primary outcome were performed with mean 
heart rate used as a continuous variable. HRs and 95% 
CIs for each subgroup were calculated for every incre-
ment of 1 standard deviation in mean heart rate. All 
analyses were performed with SAS (version 9.4, Cary, 
NC, USA) and R software version 4.2.0 (R Foundation 
for Statistical Computing, Vienna, Austria). This study is 
reported according to STROBE guidelines [22].

Results
Baseline characteristics
A total of 21,655 adult patients with recent ischemic 
stroke were included in the analysis (mean age, 
67.35 ± 12.93  years; 61.88% men). The mean systolic 
blood pressure and diastolic blood pressure were 

151.04 ± 19.64 and 84.81 ± 11.17  mm Hg, respectively, 
and the mean heart rate was 74.84 ± 11.27  bpm. The 
demographics and baseline clinical characteristics of the 
overall patient cohort and for the subgroups defined by 
10-bpm increments in heart rate are given in Table 1. In 
total, 436,376 measurements of heart rate were collected. 
The median number of measurements per patient was 
13 (interquartile range: 9–18). After a median follow-
up of 3.2 years (interquartile range: 1.4–5.6 years), 7762 
patients (35.8%) experienced a MACE, the primary out-
come. Hospitalization for recurrent ischemic stroke, MI, 
and HF occurred in 3913 (18.1%), 625 (2.9%), and 1149 
(5.3%) patients, respectively. Compared with the patients 
with a high mean heart rate, those with a low mean heart 
rate were more likely to be male, currently smoke, use a 
statin or antithrombotic agent, not use a beta-blocker, 
and have dyslipidemia, mild stroke severity, and a lower 
baseline level of alanine aminotransferase; in addition, 
the baseline incidences of atrial fibrillation and HF were 
lower in these patients (Table 1).

Associations between heart rate and outcomes
The crude and adjusted HRs for the mean heart rate sub-
groups are illustrated in Fig.  2. Compared with the ref-
erence group (mean heart rate < 60  bpm), the adjusted 
HRs for a MACE in Model 2 were 1.13 (95% CI: 1.01 to 
1.26) for a mean heart rate of 60 to 69  bpm, 1.35 (95% 
CI: 1.22 to 1.50) for a mean heart rate of 70 to 79 bpm, 
1.64 (95% CI: 1.47 to 1.83) for a mean heart rate of 80 to 
89 bpm, and 2.08 (95% CI: 1.85 to 2.34) for a mean heart 
rate ≥ 90 bpm (Fig. 2A and Table 2).

Age, male sex, high stroke severity (eNIHSS score > 5), 
diabetes mellitus, CAD, HF, history of cancer before 
admission, currently smoking, and chronic kidney dis-
ease stages 2 to 5 were also all positively associated with 
risk of a MACE. Conversely, history of hypertension or 
dyslipidemia, abnormal body mass index, alanine ami-
notransferase and mean diastolic blood pressure levels, 
and use of antithrombotics and statins had a protective 
effect (Table 2).

Compared with the reference group (mean heart 
rate < 60 bpm), the adjusted HRs for recurrent ischemic 
stroke in Model 2 were 1.13 (95% CI: 0.99 to 1.30) for a 
mean heart rate of 60 to 69 bpm, 1.23 (95% CI: 1.08 to 
1.41) for a mean heart rate of 70 to 79 bpm, 1.33 (95% 
CI: 1.15 to 1.53) for a mean heart rate of 80 to 89 bpm, 
and 1.41 (95% CI: 1.19 to 1.67) for a mean heart rate 
of ≥ 90  bpm (Fig.  2B and Supplementary Table  S1). 
The adjusted HRs for MI in Model 2 were 1.12 (95% 
CI: 0.84 to 1.48) for a mean heart rate of 60 to 69 bpm, 
1.38 (95% CI: 1.05 to 1.81) for a mean heart rate of 70 
to 79 bpm, 1.97 (95% CI: 1.48 to 2.62) for a mean heart 
rate of 80 to 89  bpm, and 1.88 (95% CI: 1.37 to 2.57) 
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Table 1 Demographic and baseline characteristics of the overall cohort stratified by mean heart rate

Mean heart rate P value

Total (n = 21,655)  < 60 bpm 
(n = 1,680)

60–69 bpm 
(n = 5,834)

70–79 bpm 
(n = 7,914)

80–89 bpm 
(n = 4,027)

 ≥ 90 (n = 2,200)

Age (years) < .001

 Mean (SD) 67.35 (12.93) 67.84 (11.53) 66.73 (12.28) 66.72 (12.91) 67.88 (13.58) 69.96 (14.03)

 Median (Q1, Q3) 68 (59, 77) 68 (60, 76) 67 (59, 76) 67 (58, 77) 69 (59, 78) 72 (61, 81)

Men, n (%) 13,400 (61.88) 1,224 (72.86) 3,829 (65.63) 4,902 (61.94) 2,262 (56.17) 1,183 (53.77) < .001

eNIHSS < .001

 Mean (SD) 7.25 (5.88) 5.60 (4.00) 5.73 (4.11) 6.36 (4.87) 8.40 (6.48) 13.65 (8.16)

 Median (Q1, Q3) 4 (4, 8) 4 (4, 4) 4 (4, 4) 4 (4, 6) 4 (4, 11) 14 (4, 20)

Medical history, n (%)

 Hypertension 16,167 (74.66) 1,267 (75.42) 4,437 (76.05) 5,983 (75.60) 3,004 (74.60) 1,476 (67.09) < .001

 Diabetes mel-
litus

8,680 (40.08) 468 (27.86) 2,013 (34.50) 3,362 (42.48) 1,879 (46.66) 958 (43.55) < .001

 Dyslipidemia 9,764 (45.09) 846 (50.36) 2,845 (48.77) 3,682 (46.53) 1,692 (42.02) 699 (31.77) < .001

 Atrial fibrillation 3,106 (14.34) 151 (8.99) 547 (9.38) 929 (11.74) 796 (19.77) 683 (31.05) < .001

 Coronary artery 
disease

1,917 (8.85) 140 (8.33) 467 (8.00) 660 (8.34) 403 (10.01) 247 (11.23) < .001

 Heart failure 1,179 (5.44) 59 (3.51) 219 (3.75) 387 (4.89) 274 (6.80) 240 (10.91) < .001

Current smoker, 
n (%)

5,967 (27.55) 618 (36.79) 1,885 (32.31) 2,087 (26.37) 902 (22.40) 475 (21.59) < .001

History of cancer, 
n (%)

1,452 (6.71) 103 (6.13) 307 (5.26) 494 (6.24) 299 (7.42) 249 (11.32) < .001

Body mass index (kg/m2) < .001

 Mean (SD) 24.84 (4.24) 24.79 (3.78) 24.97 (4.01) 25.02 (4.31) 24.73 (4.39) 24.21 (4.59)

 Median (Q1, Q3) 24.5 (22.1, 27.2) 24.6 (22.4, 27.1) 24.7 (22.4, 27.2) 24.7 (22.2, 27.4) 24.3 (21.9, 27.2) 23.8 (21.2, 26.7)

Laboratory data

 Total cholesterol (mmol/L) < .001

  Mean (SD) 4.62 (1.13) 4.56 (1.01) 4.64 (1.03) 4.67 (1.11) 4.63 (1.26) 4.44 (1.26)

  Median (Q1, 
Q3)

4.53 (3.89, 5.23) 4.51 (3.89, 5.13) 4.56 (3.94, 5.23) 4.56 (3.91, 5.28) 4.51 (3.81, 5.26) 4.30 (3.63,5.13)

 Triglyceride (mmol/L) < .001

  Mean (SD) 1.52 (1.13) 1.40 (0.88) 1.49 (0.92) 1.56 (1.17) 1.58 (1.29) 1.42 (1.31)

  Median (Q1, 
Q3)

1.25 (0.90, 1.79) 1.22 (0.89, 1.70) 1.27 (0.92, 1.77) 1.29 (0.93, 1.84) 1.25 (0.90, 1.86) 1.13 (0.80, 1.64)

 LDL cholesterol (mmol/L) < .001

  Mean (SD) 2.86 (0.94) 2.87 (0.85) 2.90 (0.89) 2.88 (0.93) 2.84 (1.03) 2.71 (1.01)

  Median (Q1, 
Q3)

2.79 (2.22, 3.41) 2.81 (2.30, 3.36) 2.84 (2.30, 3.41) 2.82 (2.25, 3.44) 2.74 (2.17, 3.41) 2.59 (2.02, 3.28)

 eGFR (mL/min/1.73  m2) < .001

  Mean (SD) 76.98 (32.57) 78.07 (26.73) 79.55 (29.17) 77.80 (32.29) 74.30 (35.54) 71.30 (38.85)

  Median (Q1, 
Q3)

76.96 (57.05, 
96.26)

77.86 (61.25, 
94.51)

79.47 (61.22, 
97.35)

77.93 (58.23, 
97.08)

73.91 (51.56, 
95.51)

69.06 (46.35, 
91.83)

 ALT (U/L) < .001

  Mean (SD) 26.85 (33.43) 25.57 (22.70) 26.31 (23.73) 26.57 (26.09) 27.67 (55.32) 28.80 (32.50)

  Median (Q1, 
Q3)

21 (16, 29) 21 (16, 28) 21 (16, 29) 21 (16, 30) 20 (15, 29) 21 (15, 31)

 HbA1c (%) < .001

  Mean (SD) 6.89 (1.89) 6.37 (1.28) 6.68 (1.71) 6.93 (1.89) 7.17 (2.10) 7.15 (2.16)

  Median (Q1, 
Q3)

6.1 (5.7, 7.4) 5.9 (5.6, 6.5) 6.0 (5.7, 7.0) 6.2 (5.7, 7.6) 6.3 (5.7, 8.0) 6.3 (5.7, 7.9)

 Mean SBP (mmHg) < .001

  Mean (SD) 151.04 (19.64) 153.40 (20.27) 151.90 (19.52) 150.73 (19.13) 151.58 (20.01) 146.91 (19.98)
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for a mean heart rate of ≥ 90 bpm (Fig. 2C and Supple-
mentary Table S2). The correlation between heart rate 
and HF was less robust; only a mean heart rate of 80 to 
89 bpm was associated with increased risk of HF com-
pared with the reference group (adjusted HR 1.34, 95% 
CI: 1.06 to 2.14; Fig. 2D and Supplementary Table S3).

Even after multiple adjustments for potential con-
founding factors, no J-shaped curve was discovered 
for the occurrence of the primary composite outcome, 
or secondary outcomes for MI and recurrent ischemic 
stroke. A higher mean heart rate was significantly 
associated with increased HRs of a MACE, recurrent 
ischemic stroke, and MI but not HF (Fig. 3).

Subgroup and sensitivity analyses
The results of subgroup analyses for the primary out-
come are presented in Fig.  4. An association between 
mean heart rate and the primary outcome was discov-
ered in all analyzed subgroups, which indicated a con-
sistent relationship between mean initial in-hospital 
heart rate and MACEs.

Discussion
This observational study, conducted in a contemporary 
medically optimized population with recent ischemic 
stroke (95.73% patients taking antithrombotics and 
52.55% patients taking statins at discharge), revealed 
that initial in-hospital heart rate was independently 
associated with significant increases in MACEs, recur-
rent ischemic stroke, and MI but less robust for HF. This 
result provides novel insight into the effect of heart rate 

on cardiovascular risk because it specifically focuses on a 
population with recent cerebral ischemic events.

In the present study, resting heart rate ≥ 70  bpm was 
found to place patients with ischemic stroke at increased 
risk of recurrent ischemic stroke and MI compared with 
resting heart rate < 60 bpm (Fig. 2B and C). Nevertheless, 
the increased risk for the composite outcome, a MACE, 
was already observed in patients with heart rate ≥ 60 bpm 
(Fig. 2A). This implies that heart rates at a level often per-
ceived as normal may be detrimental to making a prog-
nosis for patients with ischemic stroke.

Previous observational studies have yielded conflict-
ing results regarding the role of heart rate in the risks 
of ischemic stroke and MI in different populations. In 
a prospective population study, resting heart rate was 
positively associated with the risk of ischemic stroke 
in participants who were free of stroke at the time of 
enrollment [23]. However, another prospective popula-
tion study showed that, in a Chinese general population, 
resting heart rate was independently positively associ-
ated with the risk of MI but not with ischemic stroke or 
hemorrhagic stroke [24]. In an analysis of the Treating 
to New Targets trial, in 9580 patients with stable CAD, 
the increased risks of stroke or MI at heart rates above 
70 bpm did not achieve significance after adjustment for 
potential confounders [25]. A post hoc analysis of the 
ONTARGET/TRANSCEND trials found that in patients 
with stable chronic cardiovascular disease, heart rate was 
positively correlated with the incidence of major vascu-
lar events, stroke, HF, cardiovascular death, and all-cause 
death across heart rate quintiles but was not associated 
with MI [26].

Table 1 (continued)

Mean heart rate P value

Total (n = 21,655)  < 60 bpm 
(n = 1,680)

60–69 bpm 
(n = 5,834)

70–79 bpm 
(n = 7,914)

80–89 bpm 
(n = 4,027)

 ≥ 90 (n = 2,200)

  Median (Q1, 
Q3)

153.1 (137.2, 
164.5)

153.1 (139.4, 
167.6)

153.9 (138.1, 
165.3)

149.2 (137.1, 
163.7)

151.1 (137.9, 
165.4)

146.1 (133.0, 
161.0)

 Mean DBP (mmHg) < .001

  Mean (SD) 84.81 (11.17) 82.56 (10.97) 84.38 (10.94) 85.21 (10.69) 86.02 (11.67) 84.01 (12.28)

  Median (Q1, 
Q3)

84.3 (77.2, 92.1) 82.2 (75.2, 89.5) 83.9 (76.9, 91.5) 84.4 (78.0, 92.0) 85.5 (78.0, 94.2) 84.0 (75.9, 92.5)

 Medications at discharge, n (%)

  Antithrom-
botics

20,731 (95.73) 1,645 (97.92) 5,688 (97.50) 7,647 (96.62) 3,802 (94.41) 1,949 (88.59) < .001

  Statins 11,380 (52.55) 942 (56.07) 3,232 (55.40) 4,179 (52.81) 2,045 (50.78) 982 (44.64) < .001

  Beta-blockers 7,430 (34.31) 428 (25.48) 1,777 (30.46) 2,666 (33.69) 1,541 (38.27) 1,018 (46.27) < .001

Abbreviations: bpm beats per minute, n number, D standard deviation, Q quartile, eNIHSS estimated National Institute of Health Stroke Scale, LDL low density 
lipoprotein, eGFR estimated Glomerular filtration rate, ALT alanine aminotransferase, HbA1c glycated hemoglobin, SBP systolic blood pressure, DBP diastolic blood 
pressure
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The effect of resting heart rate on the risk of cardio-
vascular events in patients with ischemic stroke is also 
controversial [7–9]. Unlike the PRoFESS and PERFORM 
studies, which focused on noncardioembolic ischemic 
stroke, this study enrolled patients with various sub-
types of ischemic stroke. In the present study, a higher 
heart rate significantly increased the risks of recur-
rent ischemic stroke and MI in ischemic stroke patients 
(Fig. 2). This association with the primary outcome per-
sisted regardless of atrial fibrillation status (Fig. 4). While 
scholars have suggested a J-shaped curve for heart rate 
and adverse cardiovascular outcomes [27, 28], this study 
found a positive association between heart rate and risks 
of MACE, recurrent ischemic stroke, and MI, with no 
clear evidence of a J-shaped curve (Fig. 3).

The correlation between heart rate and HF was less 
robust; only a mean heart rate of 80 to 89 bpm was asso-
ciated with an increased risk of HF compared with the 
reference group (adjusted HR 1.51, 95% CI: 1.06 to 2.15; 
Fig. 2D and Supplementary Table S3). Since HF is a clini-
cal syndrome rather than a disease, the diagnosis of HF 
requires a clinical evaluation that incorporates the clini-
cal history, signs discovered during physical examination, 
and diagnostic testing. Therefore, the diagnosis of HF may 
be less precise than ischemic stroke and MI according to 
the administrative database in this study, which may con-
found the analysis of the risk of hospitalization for HF.

Heart rate is negatively associated with cardiovascu-
lar and cerebrovascular morbidity and mortality [6], 
and increased heart rate from sibutramine is linked to 

Fig. 2 Forest plots of crude and adjusted hazard ratios (95% CIs) of the primary outcome (major adverse cardiovascular events) and secondary 
outcomes (ischemic stroke, myocardial infarction, and heart failure) by mean initial in-hospital heart rate increments. The analyses were adjusted 
for age and sex in model 1, and all of the variables in the fully adjusted model (model 2), including age, sex, estimated National Institutes of Health 
Stroke Scale, history of hypertension, diabetes mellitus, dyslipidemia, atrial fibrillation, coronary artery disease, heart failure, cancer before admission, 
smoking status, body mass index, total cholesterol, triglycerides, chronic kidney disease stage, alanine aminotransferase, glycated hemoglobin, 
mean systolic blood pressure, mean diastolic blood pressure, antithrombotics, statins, and beta-blockers. Abbreviations: N, number; HR, hazard ratio; 
CI, confidence interval; bpm, beats per minute



Page 8 of 12Lin et al. BMC Neurology          (2024) 24:267 

nonfatal MI in overweight patients with diabetic cardio-
vascular disease [29]. However, the effectiveness of heart 
rate–lowering agents in reducing adverse cardiovascular 
events is unclear. Ivabradine  (If channel blocker) did not 
improve outcomes in stable CAD patients without HF 
[30]. Beta-blocker therapy for ≥ 1  year post-MI reduced 
all-cause mortality in acute MI patients without HF, but 
this benefit lost significance beyond 3 years [31]. Current 
heart rate–lowering agents, including beta-blockers,  If 
channel blockers, and nondihydropyridine calcium chan-
nel blockers, have not been shown to reduce cardiovas-
cular risk through heart rate reduction in patients with 
ischemic stroke.

Heart rate is determined by the intrinsic activity of 
the sinus node, modified by parasympathetic and sym-
pathetic nervous system activity. Therefore, another way 
to reduce resting heart rate is to use a parasympatho-
mimetic agent. Acetylcholinesterase inhibitor therapy, 
which can augment the parasympathetic efferent signal, 
was associated with negative chronotropic effects and 
decreased risk of cardiovascular events in patients with 
dementia [32]. Future studies are warranted on improve-
ment of cardiovascular outcomes through heart rate 
reduction by using parasympathomimetic agents.

The present study has several limitations. One limi-
tation is the absence of stroke etiologic classification 
data, such as the TOAST (Trial of ORG 10172 in Acute 

Table 2 Multivariable Cox regression model for major adverse 
cardiovascular events

Variables Major adverse 
cardiovascular events

HR 95% CI P value

Mean heart rate (ref: < 60 bpm)

 60–69 bpm 1.13 (1.01–1.26) .03

 70–79 bpm 1.35 (1.22–1.50) < .001

 80–89 bpm 1.64 (1.47–1.83) < .001

 ≥ 90 bpm 2.08 (1.85–2.34) < .001

Age 1.02 (1.02–1.03) < .001

Male (ref: female) 1.20 (1.14–1.27) < .001

Stroke severity (ref: mild, eNIHSS ≤ 5)

 Moderate, eNIHSS 6–13 1.23 (1.16–1.31) < .001

 Severe, eNIHSS > 13 2.47 (2.31–2.63) < .001

Medical history

 Hypertension (ref: without hypertension) 0.92 (0.87–0.98) .005

 DM (ref: without DM) 1.10 (1.04–1.16) < .001

 Dyslipidemia (ref: without dyslipidemia) 0.89 (0.85–0.94) < .001

 AF (ref: without AF) 1.00 (0.94–1.07) .98

 CAD (ref: without CAD) 1.10 (1.02–1.18) .01

 HF (ref: without HF) 1.27 (1.17–1.39) < .001

 History of cancer (ref: without Cancer) 1.60 (1.48–1.73) < .001

Current smoker (ref: non-smoker) 1.08 (1.02–1.14) .009

Body mass index (ref: ≥ 18.5, < 24)

 < 18.5 0.79 (0.70–0.88) < .001

 ≥ 24, < 27 0.70 (0.62–0.79) < .001

 ≥ 27, < 30 0.73 (0.64–0.83) < .001

 ≥ 30 0.69 (0.59–0.80) < .001

Laboratory data

 Total cholesterol (ref: ≤ Q1)

  > Q1, ≤ median 0.94 (0.87–1.02) .11

  > median, ≤ Q3 0.94 (0.85–1.04) .21

  > Q3 0.92 (0.81–1.04) .19

 Triglyceride (ref: ≤ Q1)

  > Q1, ≤ median 0.92 (0.87–0.98) .01

  > median, ≤ Q3 0.94 (0.88–1.00) .06

  > Q3 0.98 (0.91–1.06) .63

 LDL cholesterol (ref: ≤ Q1)

  > Q1, ≤ median 0.99 (0.91–1.06) .70

  > median, ≤ Q3 0.98 (0.88–1.07) .60

  > Q3 0.99 (0.88–1.12) .87

 CKD (ref: stage 1)

  Stage 2 1.08 (1.02–1.15) .01

  Stage 3–5 1.42 (1.34–1.51) < .001

 Alanine aminotransferase (ref: ≤ Q1)

  > Q1, ≤ median 0.88 (0.83–0.94) < .001

  > median, ≤ Q3 0.86 (0.81–0.92) < .001

  > Q3 0.93 (0.87–0.99) .02

 HbA1c (ref: ≤ Q1)

  > Q1, ≤ median 1.00 (0.92–1.09) .95

  > median, ≤ Q3 1.03 (0.95–1.13) .47

Table 2 (continued)

Variables Major adverse 
cardiovascular events

HR 95% CI P value

  > Q3 1.10 (1.00–1.21) .06

Mean SBP (ref: < 130 mmHg)

 ≥ 130, < 140 mmHg 0.94 (0.87–1.02) .16

 ≥ 140, < 150 mmHg 0.98 (0.90–1.07) .66

 ≥ 150, < 160 mmHg 1.03 (0.94–1.12) .60

 ≥ 160 mmHg 1.12 (1.02–1.23) .02

Mean DBP (ref: < 70 mmHg)

 ≥ 70, < 80 mmHg 0.85 (0.78–0.92) < .001

 ≥ 80, < 90 mmHg 0.72 (0.66–0.79) < .001

 ≥ 90, < 100 mmHg 0.75 (0.67–0.83) < .001

 ≥ 100 mmHg 0.70 (0.61–0.80) < .001

Medication at discharge

 Antithrombotics 0.57 (0.52–0.62) < .001

 Statins 0.94 (0.88–0.99) .02

 Beta-blockers 0.99 (0.94–1.04) .68

Abbreviations: HR hazard ratio, CI confidence interval, ref reference, bpm beats 
per minute, eNIHSS estimated National Institute of Health Stroke Scale, DM 
diabetes mellitus, AF atrial fibrillation, HF heart failure, Q quartile, CKD chronic 
kidney disease, HbA1c glycated hemoglobin, SBP systolic blood pressure, DBP 
diastolic blood pressure
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Stroke Treatment) classification [10]. Without this data, 
our analysis focuses on general cardiovascular risk fac-
tors and stroke severity, potentially missing the nuanced 
impacts of different stroke subtypes on long-term cardio-
vascular morbidity and mortality. Second, to collect the 
mean heart rate during the first three days of hospitaliza-
tion, patients with less than three days of hospitalization 

were excluded from the study. Consequently, some 
patients with mild or extremely severe strokes may have 
been missed. Finally, heart rate values during follow-ups 
were not included in the analysis. Therefore, whether 
resting heart rate and the risk of major cardiovascular 
events are causally related cannot be concluded from this 
observational study.

Fig. 3 Restricted cubic splines are represented for the associations between mean initial in-hospital heart rate levels and study outcomes (major 
adverse cardiovascular events, ischemic stroke, myocardial infarction, and heart failure). The analyses were adjusted for all of the variables in the fully 
adjusted model, including age, sex, estimated National Institutes of Health Stroke Scale, history of hypertension, diabetes mellitus, dyslipidemia, 
atrial fibrillation, coronary artery disease, heart failure, cancer before admission, smoking status, body mass index, total cholesterol, triglycerides, 
chronic kidney disease stage, alanine aminotransferase, glycated hemoglobin, mean systolic blood pressure, mean diastolic blood pressure, 
antithrombotics, statins, and beta-blockers. Abbreviation: bpm, beats per minute
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Fig. 4 Subgroup analyses of major adverse cardiovascular events for every increment of 1 SD in heart rate (11.3 bpm). Abbreviation: eNIHSS, 
estimated National Institutes of Health Stroke Scale; DM, diabetes mellitus; CAD, coronary artery disease; CKD, chronic kidney disease; HR, hazard 
ratio; CI, confidence interval; SD, standard deviation
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Conclusions
Although heart rate is an easily attainable and cost-effec-
tive biomarker, it is not currently part of risk assessment 
in patients after ischemic stroke. Further research is 
needed to investigate whether using appropriate medica-
tions (such as cholinesterase inhibitors) to reduce heart 
rate can play a role in improving cardiovascular out-
comes after ischemic stroke in the future.

Abbreviations
bpm  Beats per minute
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eNIHSS  Estimated National Institutes of Health Stroke Scale
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