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Abstract Although elevated resting heart rate (RHR) has

been shown to be associated with mortality in the general

population and patients with certain diseases, no study has

examined this association in patients with breast cancer. A

total of 4786 patients with stage I–III breast cancer were

retrospectively selected from the Severance hospital breast

cancer registry in Seoul, Korea. RHR was measured at

baseline and the mean follow-up time for all patients was

5.0 ± 2.5 years. Hazard ratios (HRs) with 95 % confi-

dence intervals (CIs) were calculated using Cox regression

models. After adjustment for prognostic factors, patients in

the highest quintile of RHR (C85 beat per minute (bpm))

had a significantly higher risk of all-cause mortality (HR:

1.57; 95 %CI 1.05–2.35), breast cancer-specific mortality

(HR: 1.69; 95 %CI 1.07–2.68), and cancer recurrence (HR:

1.49; 95 %CI 0.99–2.25), compared to those in the lowest

quintile (B67 bpm). Moreover, every 10 bpm increase in

RHR was associated with 15, 22, and 6 % increased risk of

all-cause mortality, breast cancer-specific mortality, and

cancer recurrence, respectively. However, the association

between RHR and cancer recurrence was not statistically

significant (p = 0.26). Elevated RHR was associated with

an increased risk of mortality in patients with breast cancer.

The findings from this study suggest that RHR may be used

as a prognostic factor for patients with breast cancer in

clinical settings.

Keywords Resting heart rate � Breast cancer � Survival �
Prognosis

Introduction

Resting heart rate (RHR) has been suggested to be an

important predictor of overall health. Epidemiological

studies have consistently shown that elevated RHR is

associated with increased risk of all-cause mortality and

cardiovascular disease (CVD) mortality in the general

population [3, 7, 11, 13, 16, 17, 19, 20, 22, 24, 26, 27, 31]

and patients with CVD [2, 4, 6, 9, 10, 23]. Moreover,

several studies have demonstrated a significant association

between RHR and mortality in patients with other common

diseases such as hypertension [12, 21, 30] and diabetes

[1, 15, 28]. However, little is known about the relationship

between RHR and cancer. There are only a few studies that

have specifically examined the association between RHR

and cancer mortality in the general population [18, 22, 24].

Moreover, to our knowledge, no study to date has explored
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the prognostic value of RHR in relation to mortality among

patients with major cancer, particularly breast cancer.

Lack of research in this area is surprising for several

reasons. First, breast cancer is the most commonly diag-

nosed cancer and the leading cause of cancer death among

women worldwide [8]. Moreover, the number of breast

cancer survivors is rapidly increasing and they are at high

risk of cancer recurrence and death due to breast cancer or

other diseases. Second, RHR is a simple, objective, and

safe monitoring method that could be widely used to pre-

dict the prognosis of patients in clinical settings. However,

research on identifying potential prognostic value of RHR

among patients with breast cancer has been very limited.

Therefore, the purpose of this study was to investigate

the association between RHR and the prognostic outcomes,

including all-cause and breast cancer-specific mortality and

cancer recurrence, in a large population of patients with

breast cancer.

Materials and methods

Patient selection

A total of 4786 patients with stage I–III breast cancer were

retrospectively selected from the Severance hospital breast

cancer registry, Department of Surgery, Yonsei University

College of Medicine, Seoul, Republic of Korea. All

patients underwent definitive surgery for primary breast

cancer between January 2005 and December 2013.

Exclusion criteria were as follows: patients with in situ

carcinoma, stage IV disease at the time of diagnosis, occult

breast cancer, or non-epithelial origin malignancy. This

study was approved by the Institutional Review Board of

Severance Hospital, Yonsei University Health System,

Seoul, Republic of Korea (IRB No. 4-2016-0040). Written

informed consent was waived and patient information was

deidentified prior to analysis.

Clinicopathological characteristics

Clinicopathological information, including RHR and

expression of estrogen receptor (ER), progesterone recep-

tor (PR), and human epidermal growth factor receptor 2

(HER2), was obtained through medical records and registry

database. The database collected personal past history,

clinicopathological parameters, treatment patterns, and

follow-up outcomes related with breast cancer. After

definitive surgery for breast and axilla, adjuvant treatments

were administered if the patient was able to tolerate it.

Clinical follow-up included history taking, physical

examination, laboratory tests, and radiological imaging

tests every 6–12 months for detection of relapse.

RHR was checked at admission to hospital one day

before surgery. Tumor-node-metastasis (TNM) stage was

based on the American Joint Committee on Cancer 6th

edition criteria. Tumor with C1 % nuclear-stained cells

was categorized as positive expression for ER and PR in

accordance with the American Society of Clinical Oncol-

ogy/College of American Pathologists (ASCO/CAP)

guidelines [14]. HER2 was stained by Hercep Test (Dako,

Glostrup, Denmark) and interpreted as 0, 1± , 2± , or

3± according to ASCO/CAP guidelines [32]. In cases with

HER2 2 ± results, fluorescence in situ hybridization

(FISH) was performed using a PathVysion HER2 DNA

Probe Kit (Vysis, Downer Grove, IL, USA). HER2 gene

amplification was defined as a HER2 gene/chromosome 17

copy number ratio C2.0 or a case with HER2 gene/chro-

mosome 17 copy number ratio \2.0 but with average

HER2 copy number C6.0 signals/cell according to ASCO/

CAP guidelines [32]. HER2 was considered positive in

cases with an immunohistochemistry score of 3 ? or gene

amplification by FISH.

Breast cancer subtypes were categorized by hormone

receptors (HRs) and HER2 expression as follows: HRs ?/

HER2-, ER-positive or PR-positive, and HER2-negative;

HRs ?/HER2 ?, ER-positive or PR-positive, and HER2-

positive; HRs-/HER2 ?, ER-negative, PR-negative, and

HER2-positive; HRs-/HER2-, ER-negative, PR-negative,

and HER2-negative, a subtype also known as triple-nega-

tive breast cancer (TNBC).

Locoregional recurrence was defined as tumor recur-

rence in ipsilateral breast, chest wall, or regional lymph

node. Any recurrence at a distant site including con-

tralateral axillary or supraclavicular lymph nodes was

considered as a distant metastasis. Cancer recurrence was

measured from the date of the first curative surgery to the

date of the first locoregional or distant recurrence. All-

cause mortality was calculated from the date of the first

surgery to the date of the last follow-up or death from any

cause. For breast cancer-specific mortality, cause of death

was collected according to the International Statistical

Classification of Diseases and Related Health Problems,

10th revision (ICD-10) from the review of medical

records.

Statistical methods

For the analyses, patients were divided into quintiles based

on their RHR (beat per minute, bpm). For the comparison

of baseline characteristics, ANOVA was conducted for

continuous variables and v2 test for categorical variables.

The Kaplan–Meier curves were computed for overall and

breast cancer-specific survival. The log-rank test was used

to test for differences in the survival curves across RHR

quintiles.
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Cox proportional hazard models were used to adjust

for confounders and to estimate the hazard ratios (HRs)

and 95 % confidence intervals (CIs) of all-cause and

breast cancer-specific mortality and cancer recurrence

across the quintiles of RHR. Proportional hazard

assumption was checked by including interaction terms

for each covariate and time in the model. Test for trend

was conducted using the median value of each quintile

as a continuous variable in the cox regression models.

For subgroup analyses, we conducted cox proportional

hazard models stratified by potential effect modifiers.

All models were adjusted for potential confounders

including age, body mass index (BMI), menopause

status, age at menarche, age at first birth, hormone

replacement therapy, diabetes, hypertension, CVD, res-

piratory disease, liver disease, other disease, histology,

histologic grade, molecular subtypes, operation type,

radiation therapy, hormone therapy, chemotherapy, and

TNM stage.

To check for the robustness of the findings, several

sensitivity analyses were performed. First, all main analy-

ses were conducted after excluding patients with any

comorbid conditions. Moreover, additional analyses were

done after excluding patients who have died in the early

follow-up period of the study (i.e., 3 and 6 months) to see

whether the initial findings were influenced by potential

bias.

All tests were two sided and considered to be significant

at P-value\0.05. Statistical analyses were conducted using

the SAS 9.4 (SAS institute, Cary, NC).

Results

Baseline characteristics

After exclusion, a total of 4786 breast cancer patients

remained in the final analyses. During a 9-year period, we

documented 278 cases of all-cause death, 212 cases of

breast cancer-specific death, and 339 cases of cancer

recurrence. Baseline characteristics of 4786 participants

by quintiles of RHR are presented in Table 1. Overall,

patients had a mean age of 50.7 ± 10.6 years and a mean

BMI of 23.4 ± 3.2. The average follow-up time for all

patients was 5.0 ± 2.5 years. Among quintiles of RHR

(i.e., B67, 68–72, 73–78, 79–84, and C85), there were

statistically significant differences in age, menopausal

status, age at menarche, age at birth, comorbidity condi-

tions including diabetes, hypertension and CVD, operation

type, radiation therapy, hormone therapy, chemotherapy,

and TNM stage.

Main analyses

The Kaplan–Meier curves for overall and breast cancer-

specific survival according to quintiles of RHR are pre-

sented in Fig. 1. Across all the quintiles of RHR, there

were statistically significant differences in both overall and

breast cancer-specific survival (log-rank test, p\ .001).

Table 2 presents the age-adjusted and multivariable-

adjusted hazard ratios of prognostic outcomes associated

with RHR among patients with breast cancer. Compared to

patients with lowest RHR (B 67 bpm), patients with

highest RHR (C85 bpm) had 1.57 (95 %CI 1.05–2.35)

times higher risk of all-cause mortality after fully adjusting

for potential confounders. Moreover, patients with highest

RHR had 1.69 (95 %CI 1.07–2.68) times higher risk of

breast cancer-specific mortality when compared to those

with lowest RHR. Elevated RHR was marginally signifi-

cantly associated with 1.49 (95 %CI 0.99–2.25) times

higher risk of cancer recurrence compared to the reference

group. When TNM stage was not adjusted in the multi-

variable models, the aforementioned associations substan-

tially increased. Overall, there was a significant linear trend

between RHR and prognostic outcomes.

When RHR was used as a continuous variable, an

increase in 10 bpm of RHR was associated with 15, 22, and

6 % increased risk of all-cause mortality, breast cancer-

specific mortality, and cancer recurrence, respectively,

after fully adjusting for the same confounders. However,

the association between RHR and cancer recurrence was

not statistically significant.

Subgroup analyses

Table 3 shows the multivariable-adjusted hazard ratios of

prognostic outcomes associated with 10 bpm increase in

RHR, stratified by age, BMI, menopausal status, hyper-

tension, histologic grade, molecular subtype, operation

type, cancer therapy, and TNM stage. RHR was used as a

continuous variable for subgroup analyses to increase the

statistical power and also because there was a linear rela-

tionship between RHR and prognostic outcomes. The

association of RHR with all-cause and breast cancer mor-

tality appeared to be stronger among patients who were

under 60 years old or had a hormone therapy. Moreover,

the association between RHR and cancer recurrence was

pronounced among post-menopausal patients. Other than

those, there was no statistically significant effect modifier

in the association between RHR and prognostic outcomes.

Although statistically not significant, the positive associa-

tion tended to be stronger for patients with BMI \25 kg/

m2, post-menopause status, hypertension, histologic grade

I/II, HRs ? subtypes, TM, no radiation therapy, hormone

therapy, or TNM stage II/III.

Breast Cancer Res Treat (2016) 159:375–384 377

123



Table 1 Baseline characteristics of patients with breast cancer according to resting heart rate (n = 4786)

Resting heart rate (bpm) P-value

Quintile 1 Quintile 2 Quintile 3 Quintile 4 Quintile 5

B67 68–72 73–78 79–84 C85

(n = 922) (n = 982) (n = 1091) (n = 831) (n = 960)

Resting heart rate (bpm) 62.5 ± 4.0 70.3 ± 1.4 75.7 ± 1.7 81.2 ± 1.6 92.2 ± 6.5 \.001

Age (year) 52.7 ± 10.8 50.5 ± 10.0 50.9 ± 10.9 50.0 ± 10.5 49.3 ± 10.5 \.001

BMI (kg/m2) 23.5 ± 3.3 23.25 ± 3.0 23.3 ± 3.1 23.5 ± 3.5 23.4 ± 3.3 0.28

Post-menopause 501 (54) 454 (46) 507 (46) 371 (45) 399 (42) \.001

Age at menarche[13 years 697 (76) 752 (77) 808 (74) 630 (76) 678 (71) 0.01

Age at first birth\30 years 671 (73) 660 (67) 729 (67) 560 (67) 622 (65) 0.003

HRT use 101 (11) 114 (12) 122 (11) 95 (11) 85 (9) 0.6

Diabetes 56 (6) 60 (6) 83 (8) 59 (7) 91 (9) 0.03

Hypertension 247 (27) 196 (20) 228 (21) 157 (19) 184 (19) \.001

Cardiovascular disease 35 (4) 19 (2) 26 (2) 16 (2) 14 (1) 0.01

Respiratory disease 24 (3) 23 (2) 36 (3) 29 (3) 32 (3) 0.5

Kidney disease 12 (1) 5 (1) 7 (1) 7 (1) 14 (1) 0.13

Liver disease 15 (2) 19 (2) 20 (2) 13 (2) 7 (1) 0.21

Other disease 8 (1) 5 (1) 4 (1) 6 (1) 6 (1) 0.66

Histology

Ductal 806 (87) 841 (86) 949 (87) 718 (86) 860 (90) 0.14

Lobular 38 (4) 42 (4) 39 (4) 25 (3) 23 (2)

Special 78 (9) 99 (10) 103 (9) 88 (11) 77 (8)

Histologic grade

I/II 645 (70) 664 (68) 765 (70) 557 (67) 664 (69) 0.19

III 215 (23) 230 (23) 244 (22) 203 (24) 240 (25)

Molecular subtype

HRs?/HER2- 550 (60) 596 (61) 639 (59) 499 (60) 508 (53) 0.2

HRs?/HER2? 95 (10) 104 (11) 106 (10) 87 (10) 118 (12)

HRs-/HER2? 78 (9) 75 (8) 99 (9) 64 (8) 95 (10)

TNBC 142 (15) 146 (15) 169 (15) 132 (16) 188 (20)

Both(-/-)/equivocal 10 (1) 12 (1) 19 (2) 12 (1) 11 (1)

Either(?)/equivocal 45 (5) 47 (5) 57 (5) 33 (4) 38 (4)

Operation type

BCS 510 (55) 498 (51) 539 (49) 420 (51) 434 (45) \.001

TM 412 (45) 484 (49) 552 (51) 411 (49) 536 (55)

Radiation therapy 591 (64) 653 (67) 695 (64) 549 (66) 712 (74) \.001

Hormone therapy 678 (74) 739 (75) 795 (73) 616 (74) 651 (68) 0.003

Chemotherapy 563 (61) 632 (64) 680 (62) 491 (59) 539 (56) 0.003

TNM stage

I 507 (55) 504 (51) 539 (49) 393 (47) 333 (35) \.001

II 350 (38) 356 (36) 411 (38) 320 (39) 383 (40)

III 65 (7) 122 (13) 141 (13) 118 (14) 244 (25)

Data presented as mean ± standard deviation for continuous variable and n (%) for categorical variables

BCS breast conserving surgery, BMI body mass index, bpm beat per minute, HER2 human epidermal growth factor receptor 2, HRT hormone

replacement therapy, HRs hormone receptors, TM total mastectomy, TNM tumor-node-metastasis, TNBC triple-negative breast cancer
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Sensitivity analyses

Overall, sensitivity analyses have supported the

robustness of our findings. After excluding patients with

any comorbidity conditions, there were no noticeable

changes in all estimates and our findings remained

statistically significant. Moreover, excluding patients

who have died in the early follow-up of 3 months

(n = 8) and 6 months (n = 15) did not change our

results (data not shown).

Fig. 1 Kaplan–Meier curves

for (A) overall and (B) breast

cancer-specific survival

Breast Cancer Res Treat (2016) 159:375–384 379

123



Discussion

In this large study of 4786 breast cancer patients, we found

elevated RHR to be significantly associated with increased

risk of overall prognostic outcomes. Compared to patients

with B67 bpm of RHR, those with C85 bpm of RHR had

1.57, 1.69, and 1.49 times higher risk of all-cause mortal-

ity, breast cause-specific mortality, and cancer recurrence,

respectively. Moreover, there was a strong linear relation-

ship between RHR and prognostic outcomes; an increase in

RHR by every 10 bpm was associated with approximately

6–22 % increased risk of overall prognostic outcomes in

patients with breast cancer. Interestingly, we found that

TNM stage, which is probably the most important

prognostic factor, could mediate the causal pathway

between RHR and prognostic outcomes. That is, there may

be a stage difference by RHR even before the follow-up is

initiated. These findings were robust even after adjusting

for potentially important confounders (e.g., major comor-

bid conditions, breast cancer risk factors, tumor charac-

teristics and treatment) and excluding deaths occurred in

the early follow-up, which reduce the possibility of con-

founding and reverse causation by measured or unmea-

sured pre-existing diseases.

To the best of our knowledge, this is the first study to

examine the relationship between RHR and mortality

among cancer patients. Epidemiological studies examining

this association in the general population

Table 2 Age and multivariable-adjusted hazard ratio of prognostic outcomes according to resting heart rate in patients with breast cancer

(n = 4786)

Resting heart rate (bpm) P for

trend

Resting heart rate

per 10 bpm
Quintile

1

Quintile 2 Quintile 3 Quintile 4 Quintile 5

B67 68–72 73–78 79–84 C85

All-cause mortality

Event/N 39/922 38/982 58/1091 58/831 85/960

Age-adjusted Referent 0.92

(0.59–1.45)

1.26

(0.84–1.89)

1.70

(1.13–2.55)

2.43

(1.66–3.56)

\.001 1.34 (1.20–1.49)

Multivariable-adjusteda Referent 0.84

(0.53–1.32)

1.15

(0.76–1.75)

1.57

(1.04–2.39)

1.81

(1.22–2.69)

\.001 1.22 (1.09–1.36)

Multivariable-adjustedb Referent 0.84

(0.53–1.32)

1.08

(0.71–1.64)

1.52

(1.00–2.31)

1.57

(1.05–2.35)

\.001 1.15 (1.03–1.29)

Breast cancer-specific

mortality

Event/N 28/922 26/982 38/1091 45/831 75/960

Age-adjusted Referent 0.85

(0.50–1.46)

1.13

(0.69–1.84)

1.78

(1.11–2.86)

2.89

(1.86–4.47)

\.001 1.45 (1.29–1.64)

Multivariable-adjusteda Referent 0.71

(0.41–1.23)

1.00

(0.61–1.64)

1.57

(0.97–2.55)

1.95

(1.24–3.07)

\.001 1.29 (1.14–1.46)

Multivariable-adjustedb Referent 0.70

(0.40–1.21)

0.93

(0.57–1.54)

1.50

(0.92–2.44)

1.69

(1.07–2.68)

\.001 1.22 (1.08–1.38)

Cancer recurrence

Event/N 44/914 68/975 72/1083 66/827 89/952

Age-adjusted Referent 1.52

(1.00–2.30)

1.45

(0.97–2.19)

1.88

(1.25–2.85)

2.25

(1.51–3.34)

\.001 1.22 (1.10–1.35)

Multivariable-adjusteda Referent 1.35

(0.89–2.05)

1.38

(0.91–2.08)

1.78

(1.18–2.71)

1.75

(1.16–2.62)

0.01 1.12 (1.01–1.25)

Multivariable-adjustedb Referent 1.29

(0.85–1.97)

1.29

(0.85–1.96)

1.62

(1.07–2.47)

1.49

(0.99–2.25)

0.04 1.06 (0.96–1.18)

bpm beat per minute, N total number at risk
a Adjusted for age (20–29, 30–39, 40–49, 50–59, 60–69, 70–79, C80), BMI (\23, 23–25, C25, missing), menopause status (pre-menopause,

post-menopause, missing), age at menarche (B13, [13, missing), age at first birth (nulliparous or missing, \30, C30), hormone replacement

therapy (no, yes, missing), diabetes (no, yes), hypertension (no, yes), CVD (no, yes), COPD (no, yes), liver disease (no, yes), other disease (no,

yes), histology (ductal, lobular, special), histologic grade (I/II, III), molecular subtypes (luminal A, luminal B, HER2, TNBC, equivocal),

operation type (BCS, TM), radiation therapy (no, yes), hormone therapy (no, yes), chemotherapy (no, yes)
b Additionally adjusted for TNM stage (I, II, III)
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[3, 7, 11, 13, 16, 17, 19, 20, 22, 24, 26, 27, 31] and patients

with other diseases [1, 2, 4, 6, 9, 10, 12, 15, 21, 23, 28, 30]

exist. However, data to investigate the relationship between

RHR and cancer risk or the prognostic value of RHR in

patients with cancer are sparse. The potential positive

relationship between RHR and cancer mortality was first

hypothesized from observational studies among middle-

aged men in 1981 [25]. Subsequently, a number of studies

have been conducted to explore RHR in relation to cancer

mortality in the general population. Some studies have

Table 3 Subgroup analyses of

multivariable-adjusted hazard

ratios of prognostic outcomes

associated with resting heart

rate

Resting heart rate (per 10 bpm)

All-cause mortality Breast cancer-specific mortality Cancer recurrence

Age

\60 year 1.18 (1.04–1.35) 1.29 (1.11–1.48) 1.05 (0.94–1.19)

C60 year 1.05 (0.86–1.28)* 1.00 (0.78–1.27) 1.19 (0.92–1.55)

Body mass index

\25 kg/m2 1.19 (1.04–1.37) 1.28 (1.10–1.49) 1.06 (0.93–1.20)

C25 kg/m2 1.07 (0.88–1.29) 1.09 (0.87–1.37) 1.09 (0.90–1.33)

Menopausal status

Pre 1.09 (0.93–1.28) 1.15 (0.97–1.37) 0.93 (0.81–1.08)

Post 1.20 (1.03–1.41) 1.29 (1.08–1.54) 1.23 (1.05–1.45)**

Hypertension

No 1.16 (1.02–1.32) 1.25 (1.08–1.44) 1.06 (0.94–1.19)

Yes 1.28 (1.02–1.62) 1.30 (0.99–1.70) 1.22 (0.95–1.58)

Histologic grade

I/II 1.18 (1.02–1.37) 1.26 (1.06–1.50) 1.04 (0.90–1.21)

III 1.07 (0.90–1.28) 1.15 (0.95–1.38) 1.11 (0.93–1.31)

Molecular subtype

HRs?/HER2- 1.26 (1.04–1.54) 1.38 (1.10–1.74) 1.07 (0.90–1.27)

HRs?/HER2? 1.34 (0.92–1.97) 1.31 (0.82–2.09) 1.22 (0.86–1.73)

HRs-/HER2? 1.05 (0.71–1.54) 1.05 (0.68–1.62) 1.26 (0.87–1.83)

TNBC 1.03 (0.86–1.24) 1.04 (0.86–1.27) 0.95 (0.78–1.15)

both(-/-)/equivocal NA NA NA

either(?)/equivocal NA NA NA

Operation type

BCS 1.02 (0.80–1.29) 1.05 (0.80–1.38) 0.94 (0.77–1.16)

TM 1.18 (1.04–1.34) 1.26 (1.10–1.44) 1.10 (0.97–1.25)

Radiation therapy

No 1.22 (1.01–1.48) 1.39 (1.09–1.76) 1.01 (0.82–1.24)

Yes 1.15 (1.00–1.32) 1.19 (1.02–1.37) 1.08 (0.96–1.23)

Hormone therapy

No 1.03 (0.89–1.20) 1.10 (0.94–1.30) 1.00 (0.86–1.18)

Yes 1.34 (1.13–1.59)** 1.43 (1.18–1.73)** 1.11 (0.96–1.28)

Chemotherapy

No 1.21 (0.98–1.49) 1.24 (0.97–1.58) 0.93 (0.75–1.17)

Yes 1.14 (1.00–1.30) 1.24 (1.07–1.44) 1.12 (0.99–1.26)*

TNM stage

I 1.08 (0.80–1.45) 1.07 (0.73–1.57) 0.98 (0.72–1.33)

II/III 1.18 (1.05–1.32) 1.25 (1.10–1.42) 1.10 (0.99–1.24)

BCS breast conserving surgery, bpm beat per minute, HER2 human epidermal growth factor receptor 2,

HRs hormone receptors; TM total mastectomy, TNM tumor-node-metastasis, TNBC triple-negative breast

cancer

Multivariable model adjusted for the same covariates used in Table 2

* p\ 0.10, ** p\ 0.05
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shown a strong and graded relationship between high RHR

and all-cancer mortality [18, 29], while a few studies have

reported either weak [13] or null [22, 24] results, but the

latter were limited by small number of cancer deaths. The

significant relationships between heart rate and all-cancer

mortality found in prior studies were comparable to the

results shown in many studies that had the endpoint out-

come of CVD mortality. Despite the suggestive role of

RHR for predicting cancer mortality in the general popu-

lation, there have been very limited studies that investi-

gated the prognostic importance of RHR in cancer patients.

Of note, the endpoint of cancer mortality in the general

population incorporates both incidence and survival, so any

association may not necessarily be due to prognosis.

In contrast to patients with cancer, there has been a

greater effort to examine the prognostic value of RHR

among patients with other major diseases such as CVD and

diabetes. The findings on the relationship between RHR

and prognostic outcomes in patients with CVD were con-

firmed in relatively recent years. Among patients with

suspected or proven coronary artery disease (CAD), those

with RHR C83 bpm at baseline had 32 and 31 % increased

risk of total mortality and cardiovascular mortality,

respectively, when compared to those with RHR\63 bpm

[6]. In similar comparison groups of RHR, stronger results

were observed in patients after ischemic stroke [4] and

patients with chronic heart failure, reaching 74–86 %

increased risk [5]. Moreover, for every 5 bpm increase of

RHR, there was an approximately 7–9 % increased risk of

all-cause and cardiovascular-related death among patients

with CAD and left-ventricular systolic dysfunction [10],

stable chronic CVD [23], or any vascular disease [2]. These

findings provide evidence that RHR is an important prog-

nostic marker, which needs to be assessed in clinical set-

tings to guide optimal treatments for patients with CVD.

More recently, a few observational studies have been

published to examine the association between RHR and

mortality in patients with diabetes. One study that followed

523 diabetic patients showed that each 10 bpm increase of

RHR was associated with 31 and 43 % increased risk of

all-cause and CVD mortality in patients with type 2 dia-

betes, but not type 1 diabetes [28]. A subsequent study with

a larger sample size of patients with type 2 diabetes found

consistent results, suggesting a potential prognostic value

of RHR for patients with type 2 diabetes [15].

Cancer is one of the major global burden in public

health. Among all cancers, breast cancer has overwhelm-

ingly the highest incidence and mortality in women

worldwide. More importantly, the cumulative number of

breast cancer survivors is continuing to grow rapidly and

managing breast cancer survivors to improve their prog-

nosis is becoming more important. RHR is a simple,

objective, and non-intrusive method which could be easily

measured in clinical setting for cancer patients. Consider-

ing the consistent and emerging evidence from patients

with CVD and non-CVD, our study extends the under-

standing of relationship between RHR and mortality out-

comes to a population of patients with breast cancer.

Interestingly, we observed a strong linear positive associ-

ation between RHR and all-cause mortality that was

comparable, in terms of direction and magnitude, to the

results of previous studies done in other patient popula-

tions. Furthermore, we found a stronger association

between RHR and breast cancer-specific mortality, but the

association was weaker for the outcome of cancer recur-

rence. This result indicates that RHR may be a better

predictor of mortality than cancer recurrence among cancer

patients. Although we additionally conducted subgroup

analyses by clinically important covariates, including

tumor characteristics and treatments, we did not find sta-

tistically meaningful results, except for age, hormone

therapy, and menopausal status, but the lack of power in

the subgroup analyses may have masked significant find-

ings in the study. Future studies with larger sample size

may be able to detect important subpopulations of breast

cancer patients who can benefit more by managing RHR.

Underlying mechanism between RHR and prognostic

outcomes, especially related to cancer prognosis, is

unknown. Moreover, it is yet to be determined whether

RHR is a direct independent predictor of prognosis or

merely an indirect factor that is associated with other

factors known to be associated with poor prognosis in

patients with breast cancer. However, it appears more

likely that RHR is a good general marker of health-related

factors, including behavioral and lifestyle factors, for

patients with breast cancer. Therefore, further studies are

warranted to not only verify the potential causal relation-

ship and underlying mechanism between RHR and prog-

nostic outcomes, but also determine how RHR or

associated factors can be modified to reduce the risk of

mortality and cancer progression in patients with breast

cancer.

There are several potential limitations of the current

study. First, although we thoroughly adjusted for potential

confounders, we could not fully adjust for severity of

comorbid condition, detailed medications, and undetected

pre-existing diseases. However, our sensitivity analyses

showed robust results after excluding patients with any

comorbid conditions and those who died in the early fol-

low-up period possibly due to pre-existing diseases. Sec-

ond, we cannot entirely rule out the potential confounding

by lifestyle factors, such as physical activity/physical fit-

ness, smoking, and alcohol. RHR could be affected by

lifestyle factors, especially physical activity/physical fit-

ness. Though elevated RHR has been shown to be an

independent prognostic factor of mortality in patients with
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CVD after adjusting for the aforementioned lifestyle fac-

tors, further studies are needed to clarify whether RHR is

an independent prognostic factor in patients with breast

cancer. Third, a single measure of RHR near the time of

operation is prone to misclassification due to within-person

variation and the timing of exposure measurement. How-

ever, misclassification is likely to be random with regard to

the outcomes and RHR measured prior to the operation is

less likely to be affected by the diagnosis of breast cancer

because the average time of operation after breast cancer

diagnosis was less than a week. Lastly, our study partici-

pants included breast cancer patients in South Korea only,

and thus our findings may not be generalizable to other

populations with different race/ethnicity.

In conclusion, high RHR was associated with all-cause

and breast cancer-specific mortality in patients with breast

cancer. This study suggests the potential use of RHR as a

prognostic factor for patients with breast cancer in clinical

settings. Future studies are needed to further verify the

usefulness of RHR in diverse cancer patients and to

determine feasible and efficient strategies to modify RHR

to improve cancer progression and overall survival in

patients with cancer.
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Aromaa A (2000) Heart rate and mortality. J Intern Med

247:231–239

27. Saxena A, Minton D, Lee D-c, Sui X, Fayad R, Lavie CJ, Blair

SN (2013) Protective role of resting heart rate on all-cause and

cardiovascular disease mortality. In: Mayo Clinic Proceedings.

Elsevier, p 1420–1426

28. Stettler C, Bearth A, Allemann S, Zwahlen M, Zanchin L,

Deplazes M, Christ E, Teuscher A, Diem P (2007) QTc interval

and resting heart rate as long-term predictors of mortality in type

1 and type 2 diabetes mellitus: a 23-year follow-up. Diabetologia

50:186–194

29. Thomas F, Guize L, Bean K, Benetos A (2001) Pulse pressure

and heart rate: independent risk factors for cancer? J Clin Epi-

demiol 54:735–740

30. Thomas F, Rudnichi A, Bacri A-M, Bean K, Guize L, Benetos A

(2001) Cardiovascular mortality in hypertensive men according

to presence of associated risk factors. Hypertension

37:1256–1261

31. Wang A, Chen S, Wang C, Zhou Y, Wu Y, Xing A, Luo Y,

Huang Z, Liu X, Guo X (2014) Resting heart rate and risk of

cardiovascular diseases and all-cause death: the Kailuan study

32. Wolff AC, Hammond ME, Hicks DG, Dowsett M, McShane LM,

Allison KH, Allred DC, Bartlett JM, Bilous M, Fitzgibbons P,

Hanna W, Jenkins RB, Mangu PB, Paik S, Perez EA, Press MF,

Spears PA, Vance GH, Viale G, Hayes DF (2013) Recommen-

dations for human epidermal growth factor receptor 2 testing in

breast cancer: american society of clinical oncology/college of

american pathologists clinical practice guideline update. J clin

oncol 31:3997–4013. doi:10.1200/jco.2013.50.9984

384 Breast Cancer Res Treat (2016) 159:375–384

123

http://dx.doi.org/10.1053/euhj.1999.1741
http://dx.doi.org/10.1053/euhj.1999.1741
http://dx.doi.org/10.1200/jco.2013.50.9984

	Resting heart rate as a prognostic factor for mortality in patients with breast cancer
	Abstract
	Introduction
	Materials and methods
	Patient selection
	Clinicopathological characteristics
	Statistical methods

	Results
	Baseline characteristics
	Main analyses
	Subgroup analyses
	Sensitivity analyses

	Discussion
	References




