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Purpose: To investigate the relationship between admission resting heart rate (RHR) and 
all-cause mortality in elderly patients with hip fracture.
Methods: A retrospective cohort study with 837 patients based on the established hip 
fracture database was conducted. Admission RHR was measured via electrocardiogram, 
and patients were grouped by the median RHR value (beats per minute, bpm). The main 
outcomes were 1-year and total all-cause mortality. Cox proportional hazard models and 
restricted cubic spline were used to assess the relationship between RHR and mortality. 
Sensitivity analyses were further performed to determine whether the results were stable.
Results: The mean and median RHR were 82.3 and 80.0 bpm, respectively. After a median 
follow-up of 31.8 months, the 1-year and total all-cause mortality were 17.6% and 31.2%. 
Multivariable Cox analyses showed that high RHR was an independent risk factor for 1-year 
mortality (HR = 1.51; 95% CI: 1.08–2.13; p = 0.016), and total mortality (HR = 1.44; 95% 
CI: 1.12–1.85; p = 0.005). For each 10 bpm increase in RHR, the risk of 1-year death 
increased by 23.0% (HR = 1.23; 95% CI: 1.09–1.39; p = 0.001), and total death increased by 
21.0% (HR = 1.21; 95% CI: 1.09–1.34; p < 0.001). A typical J-shaped curve was observed in 
the restricted cubic spline for the association between RHR and 1-year mortality, with the 
lowest mortality risk at 70 bpm. Sensitivity analyses yielded similar findings.
Conclusion: An increase in RHR was independently associated with all-cause mortality, 
and may be a useful prognostic predictor for elderly patients with hip fracture.
Keywords: elderly, hip fracture, resting heart rate, prognosis, mortality

Introduction
Resting heart rate (RHR) is an easily accessible physiological indicator which 
reflects the activity of the autonomic nervous system. Regarding its predictive 
value, elevated RHR was found to be associated with a higher risk of all-cause 
mortality in various cardiovascular diseases (CVD), such as hypertension,1 heart 
failure,2 myocardial infarction3 and chronic aortic regurgitation.4 Recently, this 
association has also been observed in patients with chronic obstructive pulmonary 
disease (COPD),5 diabetes,6 and even in the general population.7 Notably, Li et al8 

found that high RHR was an important risk factor for both all-cause mortality and 
CVD events in older subjects but not in younger people.

Hip fracture is a common fracture in elderly patients, and frequently comorbid 
with the aforementioned diseases.9 Therefore, we hypothesized that an increase in 
RHR may have an important impact on prognosis in elderly patients with hip 
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fracture. However, only one previous study has reported 
that older women with rapid RHR had an increased risk of 
mortality in hip fracture patients.10 In the present study, by 
utilizing the established hip fracture database,11 we were 
able to investigate the relationship between admission 
RHR and all-cause mortality.

Methods
Study Design and Patients
This was a retrospective cohort design. As we previously 
described,11 hip fracture patients admitted to the 
Orthopaedic Center of Deyang City from January 2014 
to December 2020 were enrolled consecutively. Briefly, 
the inclusion criteria for this database were as follows: 
(1) diagnosis of hip fracture; (2) age ≥ 60 years; (3) 
fresh fracture less than 3 weeks. Any pathological frac-
tures or fractures resulting from a high energy trauma were 
excluded from the database. In the current study, patients 
with atrial fibrillation or missing mortality data were then 
excluded. The study was performed according to the 
Declaration of Helsinki, and approved by the Institutional 
Ethics Committee of Deyang People’s Hospital. As 
a retrospective study, the Ethics Committee agreed to 
waive the requirement for the informed consent, and all 
patient-related data were anonymized to ensure 
confidentiality.

Data Collection and Definition
The following characteristics were extracted from the clin-
ical database: age at admission (years), sex (male or 
female), height (m) and weight (kg), current smoking 
and drinking status (yes or no), hip fracture type (femur 
neck fracture or intertrochanteric fracture), hypertension 
(yes or no) and treatment modality (surgical and non- 
surgical). Patient comorbidity was assessed with the 
Charlson comorbidity index (CCI), which is one of the 
most widely used comorbidity models.12 Moreover, admis-
sion laboratory data related to the prognosis of hip fracture 
patients were also obtained, including lymphocyte [refer-
ence range: (1.1–3.2) × 109/L], hemoglobin (reference 
range: 130.0–175.0 g/L), and albumin (reference range: 
35.0–55.0 g/L).

For a better understanding of the results, age was 
grouped into four categories: 60–69 years, 70–79 years, 
80–89 years and ≥ 90 years. Body mass index (BMI) was 
calculated as weight (kg)/[height (m)]2, and grouped as 
follows: underweight (BMI 《 18.5 kg/m2), normal weight 

(BMI = 18.5–24.9 kg/m2), and overweight (BMI ≥ 
25.0 kg/m2). The CCI score was calculated based on 17 
diseases, and categorized as none (CCI = 0), low (CCI = 1) 
and high (CCI ≥ 2).12 Hypertension was defined as systolic 
blood pressure ≥ 140 mmHg or diastolic blood pressure ≥ 
90 mmHg or taking any antihypertensive drugs. According 
to the lower limit of reference range, lymphopenia and 
hypoalbuminemia were defined as an absolute lymphocyte 
count < 1.1 × 109/L and serum albumin < 35.0 g/L, respec-
tively. Based on the World Health Organization (WHO) 
criteria, anemia was defined as hemoglobin level < 130 g/ 
L for men and < 120 g/L for women.

RHR Measurement
On admission, all patients routinely underwent a 12-lead 
electrocardiography (aECG-18U; Nalong Technologies, 
China) after 5 minutes of bed rest. RHR (beats 
per minute, bpm) was measured by assessing the time 
between each R wave on the ECG record. According to 
the median value, patients were divided into 2 groups: low 
RHR group and high RHR group.

Follow-Up and Outcome
All surviving patients in the database were telephonically 
followed up after hospital discharge, and the follow-up 
contents included survival status (alive or dead) and the 
date of death. For patients who died in hospital, the date of 
death was obtained from medical record. Survival time 
was defined as the time interval from the date of hospital 
admission to the date of death from any cause or the last 
follow-up date (December 31, 2020), whichever occurred 
first. In this study, the main outcomes were 1-year all- 
cause mortality and total all-cause mortality at the last 
follow-up.

Statistical Analysis
Prior to analysis, missing values were checked and 
imputed using a multivariate normal imputation 
method.13 Continuous data were assessed for normality 
using the Shapiro–Wilk test. Normally distributed vari-
ables were described as means ± standard deviation 
(SD), and analyzed by independent Student’s t-test, while 
non-normally distributed variables were expressed as med-
ian (Q1, Q3), and performed using Wilcoxon rank-sum 
test. Categorical data were presented as frequencies (per-
centages), and compared by chi-square test. Survival prob-
ability among the RHR groups was estimated by the 
Kaplan-Meier and Log rank test, and the median follow- 
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up time was calculated by the reverse Kaplan-Meier 
method. Univariable Cox proportional hazard models 
were used to identify potential predictor variables, and 
factors with p < 0.10 were then entered into the multi-
variable Cox analyses to investigate the association 
between RHR and mortality. Model 1 was adjusted for 
age, sex and BMI. Model 2 was additionally adjusted for 
hip fracture type, CCI, treatment modality, lymphopenia, 
anemia and hypoalbuminemia. In addition, Cox models 
with the same covariates were also performed with RHR 
as a continuous variable (10 bpm increase). To better 
investigate the potential non-linear association between 
RHR and 1-year mortality, adjusted Cox model using 
restricted cubic spline with 5 knots was further con-
structed. Considering that RHR may be influenced by the 
use of antihypertensive drugs, sensitivity analyses were 
further performed to determine whether the results per-
sisted in patients with or without hypertension. A two- 
tailed p < 0.05 was considered statistically significant. 
All the statistical analyses were performed with JMP Pro 
software (version 13.0.0; SAS Institute Inc., Cary, 
NC, USA).

Results
Baseline Characteristics
Out of 1044 patients in the original database, 207 patients 
were excluded according to the exclusion criteria. 
Ultimately, a total of 837 patients were included in the 
final analysis (Figure 1). The patient characteristics are 
listed in Table 1. Overall, the mean age was 78.8 ± 8.6 
years, 552 (65.9%) were female, and the mean and median 
RHR were 82.3 and 80.0 bpm, respectively. Among these 
patients, 423 (50.5%) had below median RHR (≤ 80 bpm), 
and 414 (49.5%) had above median RHR (> 80 bpm). 
Patients with a higher RHR were more likely to receive 
non-surgical treatment (32.1% vs 23.2%, p = 0.004), while 
no significant differences were found with regard to demo-
graphics and laboratory data.

RHR and All-Cause Mortality
After a median follow-up of 31.8 months, 147 (17.6%) and 
261 (31.2%) patients died within 1 year and the last follow- 
up. Compared with low RHR group, high RHR group suf-
fered a higher 1-year mortality (22.3% vs 13.1%, p = 0.001) 
and total mortality (36.0% vs 26.5%, p = 0.003). Also, 
Kaplan-Meier analysis showed that high RHR patients had 
significantly worse survival than low RHR patients (log rank 

χ2 = 11.67, p = 0.001; Figure 2). Consistent with the results, 
each 10 bpm increase in RHR was associated with a higher 
risk of 1-year and total mortality, with unadjusted hazard 
ratios (HR) of 1.44 (95% CI: 1.26–1.63) and 1.30 (95% CI: 
1.18–1.44), respectively (Table 2). In addition, age, sex, 
BMI, hip fracture type, CCI score, treatment modality, lym-
phopenia, anemia and hypoalbuminemia were influencing 
factors for both 1-year and total mortality (all p < 0.05).

After further adjusting for the above potential confounding 
variables (model 2, Table 3), high RHR remained an indepen-
dent risk factor for 1-year mortality (HR = 1.51; 95% CI: 1.08– 
2.13; p = 0.016), and total mortality (HR = 1.44; 95% CI: 
1.12–1.85; p = 0.005). For each 10 bpm increase in RHR, the 
risk of 1-year death increased by 23.0% (HR = 1.23; 95% CI: 
1.09–1.39; p = 0.001), and total death at the last follow-up 
increased by 21.0% (HR = 1.21; 95% CI: 1.09–1.34; p < 
0.001). To further explore non-linear relationship, a typical 
J-shaped curve was observed in the restricted cubic spline for 
the association between RHR and 1-year mortality, with the 
lowest mortality risk at 70 bpm (Figure 3).

Sensitivity Analysis
To further identify whether hypertension might influence 
the relationship between RHR and mortality, sensitivity 
analyses were conducted (Table 4). The results were 

Hip fracture patients from 
January 2014 to December 

2020 (n=1366)

Exclusions: 
1. Age<60 years (n=188)
2. High-energy fractures (n=98)
3. Not fresh fractures (n=26)
4. Pathological fractures (n=10)

Elderly patients with hip 
fracture in the database

(n=1044)

Exclusions: 
1. Atrial fibrillation (n=72)
2. Missing mortality data 
(n=135)

Elderly patients with hip 
fracture in the final analysis 

(n=837)

Figure 1 Flow chart of the study.
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consistent with the main findings, and no significant 
hypertension × RHR interactions were observed.

Discussion
In this study, we consecutively included hip fracture 
patients from the established database, and found that 
admission RHR was significantly associated with 1-year 
mortality and total mortality at the last follow-up, even 
after controlling for potential confounding factors. 
Moreover, a typical J-shaped curve was observed in 
restricted cubic spline for the association between 
RHR and 1-year mortality, suggesting that RHR may 
be a useful prognostic predictor for elderly patients 
with hip fracture.

RHR is an important indicator of the health of the 
cardiovascular system, and easy to obtain clinically. 
Recently, increasing evidences have revealed that RHR 
may be a marker of healthy aging.14 Hartaigh et al15 

analyzed 5691 older adults aged 65 years and over, and 
measured RHR annually for six consecutive years. The 
results showed that each 10 bpm increase in RHR had 
33% greater hazard of all-cause mortality, which was 
consistent with the study by Floyd et al.16 Another 
study also found a similar risk relationship in the elderly 
population, but not in young adults.8 As is well known, 
hip fractures occur commonly in the elderly, and fre-
quently combined with cardiovascular diseases, such as 
heart failure, coronary artery disease and atrial 

Table 1 Patient Characteristics According to Admission Resting Heart Rate

Characteristics Total (n = 837) Low RHR ≤ 80 bpm  
(n = 423)

High RHR > 80 bpm  
(n = 414)

p value

Age (years) 78.8 ± 8.6 78.5 ± 8.2 79.2 ± 9.0 0.281

60–69 years, n (%) 145 (17.3) 74 (17.5) 71 (17.1) 0.229

70–79 years, n (%) 264 (31.5) 137 (32.4) 127 (30.7)
80–89 years, n (%) 345 (41.2) 179 (42.3) 166 (40.10)

≥ 90 years, n (%) 83 (9.9) 33 (7.8) 50 (12.1)

Female, n (%) 552 (65.9) 273 (64.5) 279 (67.4) 0.384

BMI (kg/m2) 21.64 ± 2.7 21.67 ± 2.6 21.61 ± 2.8 0.732

Underweight, n (%) 79 (9.4) 38 (9.0) 41 (9.9) 0.876

Normal weight, n (%) 689 (82.3) 349 (82.5) 340 (82.1)
Overweight, n (%) 69 (8.2) 36 (8.5) 33 (8.0)

Current smoker, n (%) 137 (16.4) 75 (17.7) 62 (15.0) 0.282

Current drinker, n (%) 83 (9.9) 48 (11.3) 35 (8.5) 0.161

Admission RHR (bpm) 82.3 ± 12.3 72.9 ± 6.6 91.9 ± 8.9 <0.001

Hip fracture type, n (%) 0.426
Femoral neck 416 (49.7) 216 (51.1) 200 (48.3)

Intertrochanteric 421 (50.3) 207 (48.9) 214 (51.7)

CCI, n (%) 0.695

None 428 (51.1) 222 (52.5) 206 (49.7)
Low 247 (29.5) 123 (29.1) 124 (30.0)

High 162 (19.4) 78 (18.4) 84 (20.3)

Hypertension, n (%) 290 (34.6) 153 (36.2) 137 (33.1) 0.349

Surgical treatment, n (%) 606 (72.4) 325 (76.8) 281 (67.9) 0.004

Lymphocyte (×109/L) 0.96 (0.67, 1.25) 0.95 (0.68, 1.24) 0.97 (0.67, 1.25) 0.985
Lymphopenia, n (%) 535 (63.9) 269 (63.6) 266 (64.3) 0.843

Hemoglobin (g/L) 110.3 ± 20.9 111.3 ± 19.8 109.3 ± 21.9 0.183

Anemia, n (%) 594 (71.0) 299 (70.7) 295 (71.3) 0.856
Albumin (g/dL) 38.7 ± 4.7 38.9 ± 4.5 38.4 ± 4.9 0.151

Hypoalbuminemia, n (%) 176 (21.0) 88 (20.8) 88 (21.3) 0.873

Abbreviations: RHR, resting heart rate; bpm, beats per minute; BMI, body mass index; CCI, Charlson comorbidity index.
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fibrillation, which have been identified as independent 
risk factors for hip fracture survival.9,17,18 However, to 
our knowledge, this is the first study to clearly 

demonstrate that an elevated RHR is associated with 
a higher all-cause mortality in elderly patients with hip 
fracture. Moreover, with each 10 bpm increase in RHR, 
the risk of 1-year death increased by 23.0%, and total 
death at the last follow-up increased by 21.0%.

Moreover, some studies utilized restricted cubic 
splines to explore the potential non-linear relationship 
between RHR and mortality. Cui et al19 found 
a U-shaped association between time-updated RHR 
and all-cause or cardiovascular mortality in a random 
middle-aged male cohort, and 60 bpm was associated 
with the lowest mortality, suggesting that both high and 
low RHR correlated with increased mortality in the 
general population. Also, the U-shaped curve was 
seen in critically ill patients, providing a new insight 
for optimizing HR control strategies.20 Yet, other stu-
dies observed a J-shaped association in acute ischemic 
stroke patients,21 myocardial infarction patients,22 and 
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Figure 2 Kaplan-Meier survival analysis for overall survival according to high and 
low resting heart rate (RHR).

Table 2 Univariable Cox Regression Analysis for the Risk Factors Associated with 1-Year and Total All-Cause Mortality

Variables 1-Year Mortality Total Mortality

HR (95% CI) p value HR (95% CI) p value

Age (years)
60–69 1.0 (reference) - 1.0 (reference) -

70–79 3.25 (1.56–7.93) 0.001 2.60 (1.53–4.70) <0.001

80–89 4.83 (2.39–11.54) <0.001 3.89 (2.35–6.92) <0.001
≥ 90 6.58 (2.99–16.53) <0.001 6.46 (3.68–11.99) <0.001

Sex (male vs female) 1.68 (1.21–2.32) 0.002 1.28 (0.99–1.65) 0.056

BMI

Underweight 1.10 (0.62–1.82) 0.722 0.92 (0.53–1.48) 0.739
Normal weight 1.0 (reference) - 1.0 (reference) -

Overweight 0.39 (0.14–0.86) 0.017 0.49 (0.22–0.93) 0.027

Current smoker 1.30 (0.85–1.93) 0.212 1.30 (0.94–1.77) 0.112

Current drinker 1.07 (0.60–1.76) 0.815 1.08 (0.70–1.59) 0.728

Admission RHR (High vs Low) 1.80 (1.29–2.52) 0.001 1.54 (1.20–1.97) 0.001

HR (Each 10 bpm increase) 1.44 (1.26–1.63) <0.001 1.30 (1.18–1.44) <0.001

Hip fracture type (intertrochanteric vs neck) 1.35 (0.97–1.87) 0.072 1.64 (1.27–2.11) <0.001

CCI
None 1.0 (reference) - 1.0 (reference) -

Low 1.96 (1.29–2.95) 0.002 1.83 (1.36–2.46) <0.001

High 4.11 (2.78–6.11) <0.001 3.48 (2.57–4.69) <0.001

Surgical treatment (No vs Yes) 8.36 (5.90–12.05) <0.001 4.82 (3.76–6.18) <0.001

Lymphopenia (Yes vs No) 1.74 (1.21–2.55) 0.002 1.49 (1.15–1.94) 0.003
Anemia (Yes vs No) 1.82 (1.22–2.80) 0.003 1.71 (1.27–2.35) <0.001

Hypoalbuminemia (Yes vs No) 2.13 (1.51–2.97) <0.001 1.77 (1.35–2.29) <0.001

Abbreviations: HR, hazard ratio; CI, confidence interval; BMI, body mass index; RHR, resting heart rate; bpm, beats per minute; CCI, Charlson comorbidity index.
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even in the general population.23 In agreement with the 
latter observations, we also observed a typical J-shaped 
curve for the association between RHR and 1-year 
mortality, and 70 bpm exhibited the lowest mortality 
risk.

Indeed, RHR may be easily affected by the use of 
antihypertensive medications, such as beta-blocker 
treatment. Recently, a meta-analysis that included 
189,385 patients revealed no association between beta- 
blockers use and all-cause mortality in acute myocar-
dial infarction.24 Nevertheless, a beneficial effect of 
beta-blocker treatment has been previously reported 
in elderly patients with heart failure.25,26 In addition, 

2 large cohort studies with more than 120,000 hip 
fracture patients also found that beta-blocker therapy 
was independently associated with a reduction in 
mortality.27,28 Due to the lack of detailed and reliable 
medication history, we were unable to conduct an 
analysis among patients with or without beta-blocker 
treatment. However, we attempted to address this lim-
itation with sensitivity analysis in patients with or 
without hypertension. After multivariable adjustments, 
this relationship remained rather stable across hyper-
tension status, and no significant hypertension × RHR 
interactions were observed, which was consistent with 
our main findings and previous study.1

However, this study had several limitations. First, 
its retrospective nature reduce the statistical power of 
this study. Meanwhile, the sample size was relatively 
small, which limited our ability to assess the short-term 
prognosis due to the small number of death events. 
Thus, prospective, large sample size studies are 
required to validate the results of this study. Second, 
we could not obtain any medication information that 
may directly affect the RHR. This may be an important 
confounder, but we were unable to incorporate into the 
multivariable models. Third, only admission RHR was 
included in the analysis, which could not fully reflect 
the entire period. Finally, although we adjusted for 
potential confounders, many unknown variables might 
not have been included in the analyses.

In conclusion, an increase in RHR was indepen-
dently associated with all-cause mortality, and may be 
a useful prognostic predictor for elderly patients with 
hip fracture.

Table 3 Multivariable Cox Regression Analysis for Admission Resting Heart Rate Associated with 1-Year and Total All-Cause 
Mortality

1-Year Mortality Total Mortality

HR (95% CI) p value HR (95% CI) p value

Admission RHR (High vs Low)
Model 1 1.79 (1.28–2.51) 0.001 1.56 (1.22–2.00) 0.001

Model 2 1.51 (1.08–2.13) 0.016 1.44 (1.12–1.85) 0.005

Admission RHR (Each 10 bpm 

increase)

Model 1 1.43 (1.26–1.62) <0.001 1.32 (1.19–1.46) <0.001
Model 2 1.23 (1.09–1.39) 0.001 1.21 (1.09–1.34) <0.001

Notes: Model 1 adjusted for age, sex and body mass index. Model 2 adjusted for model 1 plus hip fracture type, Charlson comorbidity index, treatment modality, 
lymphopenia, anemia and hypoalbuminemia. 
Abbreviations: HR, hazard ratio; CI, confidence interval; RHR, resting heart rate.
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Figure 3 Restricted cubic spline for the association between resting heart rate 
(RHR) and 1-year all-cause mortality.
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